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1. Climatic design conditions 
Outdoor design weather conditions for Helsinki are provided in Table 1, and the 
information indicated is: 
- Dry-bulb temperature corresponding to 0,4%, 1.0% and 2.0% annual 
cumulative frequency of occurrence, the mean coincident wet-bulb 
temperature (warm) and absolute humidity. 
- Wet-bulb temperature corresponding to 0,4%, 1.0% and 2.0% annual 
cumulative frequency of occurrence, the mean coincident dry-bulb 
temperature and absolute humidity. 
- Dew-point temperature corresponding to 0,4%, 1.0% and 2.0% annual 
cumulative frequency of occurrence, the mean coincident dry-bulb 
temperature and absolute humidity. 
- Average of annual extreme maximum and minimum dry-bulb 
temperatures and standard deviations. 
- Mean daily range, which is the mean of the difference between daily 
maximum and minimum temperatures for the warmest month. 
- Dry-bulb temperature corresponding to 99,6% and 99.0% annual 
cumulative frequency of occurrence (cold), the humidity ratio and wet-bulb 
temperature. 
 
Table 1. Outdoor design conditions for Helsinki, Finland 
 
Source: ASHRAE. 1997. 1997 ASHRAE Handbook Fundamentals. In Chapter 26. Climatic Design Information, 
pp. 26.32-26.33.ASHRAETransactions.ISBN 1-883413-45-1. 
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2. Thermal transmittance calculations 
In order to calculate the thermal transmittance values (also known as U-values) 
of the building enclosure, calculations methods of Documento Básico HE Ahorro 
de Energía – Apéndice E have been employed. 
Thermal transmittance, or overall heat transfer coefficient, is the rate of transfer 
of heat (in Watts) through one square meter of a structure divided by the 
difference in temperature across the structure. It is expressed in W/m2·K. In 
equation form, this is: 
  1∑  
Where Ri is the thermal resistance (also known as R-value) of each layer of the 
structure: 
   
Where L is the thickness layer and λ is the material’s thermal conductivity, which 
is a property of material’s ability to conduct heat. 
Surface thermal resistance is provided in Table 2, and the information indicated 
is: 
- Rse: Outdoor surface thermal resistance 
- Rsi: Indoor surface thermal resistance 
 
Table 2. Thermal resistance of walls in contact with outdoor air (m2·K/W) 
 
Source: Documento Básico HE. Ahorro de Energía. Abril 2009. In Apéndice E. Cálculo de los parámetros 
característicos de la demanda, pp. HE1-35 (Tabla E.1) 
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2.1. Exterior wall 
Total resistance value (R-value) of the exterior wall is shown on Table 3. 
Table 3. Elements and thermal properties of the exterior wall 
Layer Element Thickness Thermal 
conductivity 
Resistance 
value 
    L (mm) λ (W/m ºC) R (m2 ºC/W) 
  Outdoor air     0,04 
Protecting Reinforced concrete 100 1,630 0,06 
Ventilating cavity Air 20   0,17 
Thermal insulation Extruded polystyrene XPS 50 0,033 1,52 
Water-repellent Mortar 15 0,760 0,02 
Masonry Hollow brick 90 0,550 0,16 
Covering Plaster 10 0,570 0,02 
  Inside air     0,13 
      
ΣR = 2,12 
 
Thermal transmittance value of the exterior wall is: 
  1∑   12,12  0,47    
 
2.2. Roof 
Total resistance value (R-value) of the roof is shown on Table 4. 
Table 4. Elements and thermal properties of the roof 
Layer Element Thickness Thermal 
conductivity 
Resistance 
value 
    L (mm) λ (W/m ºC) R (m2 ºC/W) 
  Outdoor air     0,04 
Protecting Ballast (aggregate) 50 0,810 0,06 
Separating layer Polyethylene geotextile 2 0,050 0,04 
Thermal insulation Extruded polystyrene XPS 80 0,034 2,35 
Separating layer Polyethylene geotextile 2 0,050 0,04 
Waterproof layer Mastic asphalt 20 0,700 0,03 
Covering Sand cement screed 50 1,400 0,04 
Structural slab Hollow-core slab 200 1,429 0,14 
  Inside air     0,10 
      
ΣR = 2,84 
 
Thermal transmittance value of the roof is: 
  1∑   12,94  0,33    
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2.3. Intermediate floor 
Total resistance value (R-value) of the intermediate floor is shown on Table 5. 
Table 5. Elements and thermal properties of the intermediate floor 
Layer Element Thickness Thermal 
conductivity 
Resistance 
value 
    L (mm) λ (W/m ºC) R (m2 ºC/W) 
  Inside air     0,04 
Covering Epoxy 3     
Protecting Sand cement screed 50 1,400 0,04 
Thermal insulation Extruded polystyrene XPS 50 0,033 1,52 
Structural slab Hollow-core slab 200 1,429 0,14 
  Inside air     0,04 
      
ΣR = 1,77 
 
Thermal transmittance value of the roof is: 
  1∑   11,77  0,56    
The attic space above the technical false ceiling has not been considered for this 
calculation. 
 
2.4. Ground floor 
In order to calculate the U-values of the ground floor, calculations methods of 
Documento Básico HE Ahorro de Energía – Apéndice E – E.1.2.1. Suelos en 
contacto con el terreno have been employed. As the ground floor is at the same 
level of the outside ground, CASO 1 will be applied. 
Thermal transmittance US is obtained from the table 6, and it depends on: 
- The insulated foam D 
- The thermal resistance of the insulation Ra 
- The characteristic length of the ground B’ 
Characteristic length is calculated by:  
   0,5    28  300,5  116  14,48   14  
The thermal resistance of the insulation is: 
    ! "#$% 
0,050,035  1,42 
    1,50 
    
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Table 6. Thermal transmittance of the ground floor (W/m2·K) 
 
Source: Documento Básico HE. Ahorro de Energía. Abril 2009. In Apéndice E. Cálculo de los parámetros 
característicos de la demanda, pp. HE1-37 (Tabla E.3) 
 
Thermal transmittance value of the ground floor is obtained in Table 6:  
US= 0,27 W/m2·K 
 
2.5. Doors and windows 
Thermal transmittance value of windows and doors are considered as gaps in the 
building enclosure. U-value is taken from Table 7, which correspond to climatic 
zoning E1 of Documento Básico HE Ahorro de Energía – 2.1 Demanda 
energética. 
Table 7. Thermal transmittance of windows and doors 
 
Source: Documento Básico HE. Ahorro de Energía. Abril 2009.pp. HE1-8. 
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3. Heating Load calculations 
The calculation method used to determine heating load is explained on Chapter 
25, ASHRAE Fundamentals 1989. 
The heating load on a building consists only of external loads (internal loads are 
not considered). The external loads consist of heat transfer by conduction 
through the building walls, roof, floor, doors, etc. All these are sensible heat 
transfers. 
The basic conduction equation for heat gain is: 
&      ∆( 
Where: 
- Q is the heat gain in W 
- U is the thermal transmittance for the building construction in W/m2·K 
- A is the area of the building construction 
- ∆T is the temperature difference in K or ºC 
 
Total room heating load is calculated using the next expression: 
&  &")** + &,-.*./0 + &1*223 + &"./42"5 
&  "    6 7 4  ∆( + ,    ∆( + 5    ∆( + 4  "  ∆( 
Where: 
- Subscripts: W is for wall, C is for ceiling or roof, S is for floor, D is for 
windows and doors 
- P is the perimeter of the room in m 
- H is the height of the room in m 
 
Tables 8 and 9 show the heat gain of each room of the building. In order to clarify 
table values, the following information has been taken into consideration: 
- Temperature of not air conditioned rooms have been calculated as an 
average between the adjoining rooms 
- Loads through internal walls are not considered 
- Cold and Freeze room are not calculated using described method 
- Technical area is considered as outdoors 
- Dry Bulb Temperature (Winter): -19,5ºC 
- Absolute Humidity: 0,66 gair/kgwater 
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Table 8. Heating Load (Ground Floor) 
Room Area Height Perim. T Exterior wall Roof/Ceiling Floor Doors/Windows TOTAL 
Num. Name m² m m ºC Perim. U Area U Area U Area U Q 
m W/m2K m2 W/m2K m2 W/m2K m2 W/m2K W 
001 LOBBY 26,55 2,7 23,70 0 8,85 0,47 26,55 0,56 26,55 0,27 5,69 3,10 650 
002 CORRIDOR 30,00 2,7 35,22 21   0,47 30,00 0,56 30,00 0,27   3,10 675 
003 MANAGER OFFICE 11,03 2,7 13,56 21   0,47 11,03 0,56 11,03 0,27   3,10 248 
004 OFFICE 13,80 2,7 14,86 21   0,47 13,80 0,56 13,80 0,27   3,10 310 
005 STORAGE ROOM 7,00 2,7 11,00 21   0,47 7,00 0,56 7,00 0,27   3,10 157 
006 JANITOR ROOM 4,08 2,7 8,40 21   0,47 4,08 0,56 4,08 0,27   3,10 92 
007 GENERAL OFFICE 29,23 2,7 22,98 21 2,60 0,47 29,23 0,56 29,23 0,27 0,95 3,10 892 
008 MEETING ROOM 24,05 2,7 20,72 21 10,21 0,47 24,05 0,56 24,05 0,27 3,56 3,10 1.444 
009 WOMEN CHANGE ROOM 21,32 2,7 20,30 21   0,47 21,32 0,56 21,32 0,27   3,10 480 
010 AIRLOCK (WOMEN) 3,37 2,7 7,35 21   0,47 3,37 0,56 3,37 0,27   3,10 76 
011 MEN CHANGE ROOM 21,52 2,7 20,50 21   0,47 21,52 0,56 21,52 0,27   3,10 484 
012 AIRLOCK (MEN) 3,55 2,7 7,55 21   0,47 3,55 0,56 3,55 0,27   3,10 80 
013 LAB CORRIDOR 15,69 2,7 18,05 21   0,47 15,69 0,56 15,69 0,27   3,10 353 
014 MATERIAL AIRLOCK 6,64 2,7 10,35 21   0,47 6,64 0,56 6,64 0,27   3,10 149 
015 WASTE DISPOSAL ROOM 6,10 2,7 10,11 21   0,47 6,10 0,56 6,10 0,27   3,10 137 
016 INSTRUMENT ROOM 6,32 2,7 10,13 21   0,47 6,32 0,56 6,32 0,27   3,10 142 
017 TEST ROOM 6,30 2,7 11,10 21   0,47 6,30 0,56 6,30 0,27   3,10 142 
018 ANALYTICAL LAB 60,94 2,7 32,55 21   0,47 60,94 0,56 60,94 0,27   3,10 1.371 
019 MATERIAL AIRLOCK 5,06 2,7 9,00 21   0,47 5,06 0,56 5,06 0,27   3,10 114 
020 CLEAN CORRIDOR 20,60 2,7 26,60 21   0,47 20,60 0,56 20,60 0,27   3,10 463 
021 AIRLOCK 3,42 2,7 7,40 21   0,47 3,42 0,56 3,42 0,27   3,10 77 
022 GOWNING 3,42 2,7 7,40 21   0,47 3,42 0,56 3,42 0,27   3,10 77 
023 SAMPLING ROOM 8,05 2,7 11,80 21 3,90 0,47 8,05 0,56 8,05 0,27   3,10 382 
024 AIRLOCK 3,42 2,7 7,40 21   0,47 3,42 0,56 3,42 0,27   3,10 77 
025 GOWNING 3,42 2,7 7,40 21   0,47 3,42 0,56 3,42 0,27   3,10 77 
026 FORMULATION ROOM 7,95 2,7 11,80 21 3,65 0,47 7,95 0,56 7,95 0,27   3,10 366 
027 AIRLOCK 3,23 2,7 7,20 21   0,47 3,23 0,56 3,23 0,27   3,10 73 
028 GOWNING 3,23 2,7 7,20 21   0,47 3,23 0,56 3,23 0,27   3,10 73 
029 STERILITY TEST ROOM 7,76 2,7 11,40 21 3,45 0,47 7,76 0,56 7,76 0,27   3,10 352 
030 PREPARATION ROOM 17,36 2,7 18,00 21 2,80 0,47 17,36 0,56 17,36 0,27   3,10 534 
031 PACKAGING ROOM 85,24 2,7 40,00 21 11,90 0,47 85,24 0,56 85,24 0,27   3,10 2.529 
032 INSPECTION ROOM 18,45 2,7 18,60 21 3,15 0,47 18,45 0,56 18,45 0,27   3,10 577 
033 LABELING ROOM 26,09 2,7 21,00 21 10,50 0,47 26,09 0,56 26,09 0,27   3,10 1.126 
034 WAREHOUSE CORRIDOR 69,76 2,7 53,50 21 7,05 0,47   0,56 69,76 0,27   3,10 1.111 
035 DECK 58,59 5,0 32,60 21 8,15 0,47   0,56 58,59 0,27   3,10 1.404 
036 RAW MATERIAL STORAGE 49,64 5,0 30,50 21 7,80 0,47   0,56 49,64 0,27   3,10 1.275 
037 REJECTED MATERIAL STORAGE 6,84 2,7 10,50 21   0,47   0,56 6,84 0,27   3,10 73 
038 JANITOR ROOM 4,80 2,7 8,80 21   0,47   0,56 4,80 0,27   3,10 52 
039 WAREHOUSE OFFICE 6,72 2,7 10,40 21   0,47   0,56 6,72 0,27   3,10 72 
040 MATERIAL AIRLOCK 16,64 2,7 16,80 5   0,47   0,56 16,64 0,27   3,10 108 
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Table 9. Heating Load (First Floor) 
Room Area Height Perim. T Exterior wall Roof Floor Doors/Windows TOTAL 
Num. Name m² m m ºC Perim. U Area U Area U Area U Q 
m W/m2K m2 W/m2K m2 W/m2K m2 W/m2K W 
101 LOBBY 26,55 2,7 23,70 0 8,85 0,47 26,55 0,33 26,55 0,56   3,10 680 
102 CORRIDOR 18,51 2,7 22,76 0   0,47 18,51 0,33 18,51 0,56   3,10 321 
103 WOMEN CHANGE ROOM 27,48 2,7 21,10 21 10,40 0,47 27,48 0,33 27,48 0,56   3,10 1.525 
104 MEN CHANGE ROOM 27,07 2,7 21,00 21 4,60 0,47 27,07 0,33 27,07 0,56   3,10 1.212 
105 CORRIDOR 10,26 2,7 15,00 21 1,75 0,47 10,26 0,33 10,26 0,56   3,10 460 
106 AIRLOCK 2,95 2,7 7,15 21 1,96 0,47 2,95 0,33 2,95 0,56   3,10 207 
107 DEGOWNING 3,19 2,7 7,15 21   0,47 3,19 0,33 3,19 0,56   3,10 115 
108 AIRLOCK 3,19 2,7 7,15 21 1,96 0,47 3,19 0,33 3,19 0,56   3,10 216 
109 GOWNING 3,19 2,7 7,15 21   0,47 3,19 0,33 3,19 0,56   3,10 115 
110 CLEAN CORRIDOR 46,96 2,7 47,10 21 2,20 0,47 46,96 0,33 46,96 0,56   3,10 1.806 
111 AUTOCLAVE DISCHARGE ROOM 8,72 2,7 11,95 21 2,52 0,47 8,72 0,33 8,72 0,56   3,10 444 
112 STERILIZATION ROOM 16,85 2,7 16,94 21 5,02 0,47 16,85 0,33 16,85 0,56   3,10 865 
113 MATERIAL AIRLOCK 5,15 2,7 9,65 21 3,05 0,47 5,15 0,33 5,15 0,56   3,10 342 
114 MATERIAL AIRLOCK 4,95 2,7 9,35 21   0,47 4,95 0,33 4,95 0,56   3,10 178 
115 MATERIAL ENTRANCE 12,42 2,7 14,10 21 3,60 0,47 12,42 0,33 12,42 0,56   3,10 633 
116 FILLING CAPPING ROOM 40,93 2,7 25,80 21 6,95 0,47 40,93 0,33 40,93 0,56   3,10 1.833 
117 TUNNEL STERILIZING ROOM 44,37 2,7 27,10 21 7,60 0,47 44,37 0,33 44,37 0,56   3,10 1.990 
118 DILUTION ROOM 12,90 2,7 14,70 21   0,47 12,90 0,33 12,90 0,56   3,10 465 
119 AIRLOCK 6,12 2,7 10,20 21 2,90 0,47 6,12 0,33 6,12 0,56   3,10 370 
120 LAUNDRY 20,10 2,7 19,40 21 9,65 0,47 20,10 0,33 20,10 0,56   3,10 1.220 
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4. Cooling Load calculations 
The calculation method used to determine cooling load is explained on Chapter 26, ASHRAE 
Fundamentals 1989. 
The cooling load on a building consists of external as well as internal loads. A cooling 
load calculation determines total sensible cooling load due to heat gain: 
- through structural components (walls, floors and ceilings) 
- through windows 
- due to occupancy 
- due to equipment (machinery, lightning) 
The latent portion of the cooling load is evaluated separately. Nevertheless, latent load is not 
considered in calculations, as it is despicable. 
 
4.1. External Cooling Load 
Cooling Load due to heat gain through structure 
The sensible cooling load due to heat gains through the walls, floor and ceiling of each room 
is calculated using appropriate cooling load temperature differences(CLTDs)(Table 10)and 
U-values.  
Table 10. CLTD Values 
 
Source: 1997 ASHRAE Handbook Fundamentals. In Chapter 27, pp. 27.2.ASHRAE Transactions. ISBN 1-883413-45-1. 
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The basic conduction equation for heat gain is converted to cooling load using the room 
transfer functions, so it is modified as: 
&      8(9 
Where: 
- Q is the heat gain in W 
- U is the thermal transmittance for the building construction in W/m2·K 
- A is the area of the building construction 
- CLTD is the Cooling Load Temperature Difference (Table 10) in K or ºC 
Mean daily range (outdoor temperature swing on a design day) of Helsinki is 9.8 ºC. Then, 
CLTD will be obtained from the first column of Table 10 (Low daily range and design 
temperature smaller than 29ºC). 
 
Cooling Load due to heat gain through windows 
The basic conduction equation for heat gain is converted to cooling load due to heat gain for 
flat glass, including solar heat load plus air-to-air conduction. In application, the area of each 
window is multiplied by the appropriated GLF: 
&    :; 
Where: 
- A is the window surface in m2 
- GLF is the Glass Load Factor in W/m2 
Design temperature for Helsinki is 24.1ºC. Then, GLF will be obtained from the first column 
of Table 11. Nevertheless, values showed at Table 11 need to be correct by +30% for 
latitude higher than 48º. 
Table 11. Window Glass Load Factor 
 
Source: 1997 ASHRAE Handbook Fundamentals. In Chapter 27, pp. 27.3.ASHRAE Transactions. ISBN 1-883413-45-1. 
 
Tables 12 and 13 show external cooling load for each room. 
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Table 12. External Cooling Load (Ground Floor) 
Room Area Height Perim. T Exterior wall Roof/Ceiling Doors/Windows TOTAL 
Num. Name m² m m ºC Perim. U CLTD Area U CLTD Area GLF Q 
m W/m2K ºC m2 W/m2K ºC m2 W/m2 W 
001 LOBBY 26,55 2,7 23,70 25 8,85 0,47 10 26,55 0,56 23 10,26 316 3.648 
002 CORRIDOR 30,00 2,7 35,22 25   0,47   30,00 0,56 23     386 
003 MANAGER OFFICE 11,03 2,7 13,56 25   0,47   11,03 0,56 23     142 
004 OFFICE 13,80 2,7 14,86 25   0,47   13,80 0,56 23     178 
005 STORAGE ROOM 7,00 2,7 11,00 25   0,47   7,00 0,56 23     90 
006 JANITOR ROOM 4,08 2,7 8,40 25   0,47   4,08 0,56 23     53 
007 GENERAL OFFICE 29,23 2,7 22,98 25 2,60 0,47 10 29,23 0,56 23     409 
008 MEETING ROOM 24,05 2,7 20,72 25 10,21 0,47 10 24,05 0,56 23 0,95 316 734 
009 WOMEN CHANGE ROOM 21,32 2,7 20,30 21   0,47   21,32 0,56 23 3,56 316 1.398 
010 AIRLOCK (WOMEN) 3,37 2,7 7,35 21   0,47   3,37 0,56 23     43 
011 MEN CHANGE ROOM 21,52 2,7 20,50 21   0,47   21,52 0,56 23     277 
012 AIRLOCK (MEN) 3,55 2,7 7,55 21   0,47   3,55 0,56 23     46 
013 LAB CORRIDOR 15,69 2,7 18,05 21   0,47   15,69 0,56 23     202 
014 MATERIAL AIRLOCK 42,17 2,7 10,35 21   0,47   42,17 0,56 23     543 
015 WASTE DISPOSAL ROOM 36,78 2,7 10,11 21   0,47   36,78 0,56 23     474 
016 INSTRUMENT ROOM 6,32 2,7 10,13 21   0,47   6,32 0,56 23     81 
017 TEST ROOM 6,30 2,7 11,10 21   0,47   6,30 0,56 23     81 
018 ANALYTICAL LAB 60,94 2,7 32,55 21   0,47   60,94 0,56 23     785 
019 MATERIAL AIRLOCK 5,06 2,7 9,00 21   0,47   5,06 0,56 23     65 
020 CLEAN CORRIDOR 20,60 2,7 26,60 21   0,47   20,60 0,56 23     265 
021 AIRLOCK 3,42 2,7 7,40 21   0,47   3,42 0,56 23     44 
022 GOWNING 3,42 2,7 7,40 21   0,47   3,42 0,56 23     44 
023 SAMPLING ROOM 8,05 2,7 11,80 21 3,90 0,47 6 8,05 0,56 23     133 
024 AIRLOCK 3,42 2,7 7,40 21   0,47   3,42 0,56 23     44 
025 GOWNING 3,42 2,7 7,40 21   0,47   3,42 0,56 23     44 
026 FORMULATION ROOM 7,95 2,7 11,80 21 3,65 0,47 6 7,95 0,56 23     130 
027 AIRLOCK 3,23 2,7 7,20 21   0,47   3,23 0,56 23     42 
028 GOWNING 3,23 2,7 7,20 21   0,47   3,23 0,56 23     42 
029 STERILITY TEST ROOM 7,76 2,7 11,40 21 3,45 0,47 6 7,76 0,56 23     126 
030 PREPARATION ROOM 17,36 2,7 18,00 21 2,80 0,47 6 17,36 0,56 23     245 
031 PACKAGING ROOM 85,24 2,7 40,00 21 11,90 0,47 10 85,24 0,56 23     1.249 
032 INSPECTION ROOM 18,45 2,7 18,60 21 3,15 0,47 6 18,45 0,56 23     262 
033 LABELING ROOM 26,09 2,7 21,00 21 10,50 0,47 6 26,09 0,56 23     416 
034 WAREHOUSE CORRIDOR 69,76 2,7 53,50 21 7,05 0,47 4   0,56 23     36 
035 DECK 58,59 5,0 32,60 21 8,15 0,47 4   0,56 23     77 
036 RAW MATERIAL STORAGE 49,64 5,0 30,50 21 7,80 0,47 4   0,56 23     73 
037 REJECTED MATERIAL STORAGE 6,84 2,7 10,50 21   0,47     0,56 23     0 
038 JANITOR ROOM 4,80 2,7 8,80 21   0,47     0,56 23     0 
039 WAREHOUSE OFFICE 6,72 2,7 10,40 21   0,47     0,56 23     0 
040 MATERIAL AIRLOCK 16,64 2,7 16,80 5   0,47     0,56 23     0 
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Table 13. External Cooling Load (First Floor) 
Room Area Height Perim. T Exterior wall Roof/Ceiling Doors/Windows TOTAL 
Num. Name m² m m ºC Perim. U CLTD Area U CLTD Area GLF Q 
m W/m2K ºC m2 W/m2K ºC m2 W/m2 W 
101 LOBBY 26,55 2,7 23,70 21 8,85 0,47 10 26,55 0,33 23     314 
102 CORRIDOR 18,51 2,7 22,76 21   0,47   18,51 0,33 23     140 
103 WOMEN CHANGE ROOM 27,48 2,7 21,10 21 10,40 0,47 4 27,48 0,33 23     261 
104 MEN CHANGE ROOM 27,07 2,7 21,00 21 4,60 0,47 6 27,07 0,33 23     240 
105 CORRIDOR 10,26 2,7 15,00 21 1,75 0,47 4 10,26 0,33 23     87 
106 AIRLOCK 2,95 2,7 7,15 21 1,96 0,47 4 2,95 0,33 23     32 
107 DEGOWNING 3,19 2,7 7,15 21   0,47   3,19 0,33 23     24 
108 AIRLOCK 3,19 2,7 7,15 21 1,96 0,47 4 3,19 0,33 23     34 
109 GOWNING 3,19 2,7 7,15 21   0,47   3,19 0,33 23     24 
110 CLEAN CORRIDOR 46,96 2,7 47,10 21 2,20 0,47 10 46,96 0,33 23     384 
111 AUTOCLAVE DISCHARGE ROOM 8,72 2,7 11,95 21 2,52 0,47 4 8,72 0,33 23     79 
112 STERILIZATION ROOM 16,85 2,7 16,94 21 5,02 0,47 4 16,85 0,33 23     153 
113 MATERIAL AIRLOCK 5,15 2,7 9,65 21 3,05 0,47 4 5,15 0,33 23     55 
114 MATERIAL AIRLOCK 4,95 2,7 9,35 21   0,47   4,95 0,33 23     38 
115 MATERIAL ENTRANCE 12,42 2,7 14,10 21   0,47   12,42 0,33 23     94 
116 FILLING CAPPING ROOM 40,93 2,7 25,80 21   0,47   40,93 0,33 23     311 
117 TUNNEL STERILIZING ROOM 44,37 2,7 27,10 21   0,47   44,37 0,33 23     337 
118 DILUTION ROOM 12,90 2,7 14,70 21   0,47   12,90 0,33 23     98 
119 AIRLOCK 6,12 2,7 10,20 21   0,47   6,12 0,33 23     46 
120 LAUNDRY 20,10 2,7 19,40 21   0,47   20,10 0,33 23     153 
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4.2. Internal Cooling Load 
The various internal loads consist of sensible and latent heat transfers due to 
occupants, products, processes appliances and lightning. The conversion of 
sensible heat gain to space cooling load is affected by the thermal storage 
characteristics of that space. 
 
Lights 
The primary source of heat from lightning comes from light-emitting elements. 
The lighting load is only sensible. Calculation of his load component is not 
straightforward; the rate of heat gain at any given moment can be quite different 
from the heat equivalent of power supplied instantaneously by the air-
conditioning apparatus. As an average value, lightning of 20 W/m2 (K) will be 
considered. In application, the area of each room is multiplied by the appropriated 
coefficient K: 
&    20  
 
Appliances 
Some rooms of the facility use various equipment such as fans, pumps and other 
machinery, which add significantly to the heat gain. In application, the power 
nominal load of the equipment will be considered as its heat gain. 
&  <=# 
 
People 
It is considered that the staff of a pharmaceutical facility requires standing, light 
work or slow walking. Following the table of ASHRAE Transactions “Rates of 
heat Gain from occupants of conditioned Spaces”, which indicated the sensible 
and latent heat loss from people, sensible heat of 75 W and latent heat of 55 W 
will be considered. So, total heat adjusted will be 130 W (K). In application, the 
number of people working on each room is multiplied by the appropriated K: 
&  >  130  
 
Table 14 and 15 shows the internal heat gain of each room of the building. 
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Table 14. Internal Cooling Load (Ground Floor) 
Room Area Height Perim. T Lights People Equipment TOTAL 
Num. Name m² m m ºC K Q Num. HG Q Description Q Q W/m2 W W W W W 
001 LOBBY 26,55 2,7 23,70 25 20 531   130 0   0 531 
002 CORRIDOR 30,00 2,7 35,22 25 20 600   130 0   0 600 
003 MANAGER OFFICE 11,03 2,7 13,56 25 20 221 1 130 130 Office equipment 315 666 
004 OFFICE 13,80 2,7 14,86 25 20 276 3 130 390 Office equipment 625 1.291 
005 STORAGE ROOM 7,00 2,7 11,00 25 20 140   130 0   0 140 
006 JANITOR ROOM 4,08 2,7 8,40 25 20 82 1 130 130   0 212 
007 GENERAL OFFICE 29,23 2,7 22,98 25 20 585 6 130 780 Office equipment 1.090 2.455 
008 MEETING ROOM 24,05 2,7 20,72 25 20 481 10 130 1.300   0 1.781 
009 WOMEN CHANGE ROOM 21,32 2,7 20,30 21 20 426   130 0   0 426 
010 AIRLOCK (WOMEN) 3,37 2,7 7,35 21 20 67   130 0   0 67 
011 MEN CHANGE ROOM 21,52 2,7 20,50 21 20 430   130 0   0 430 
012 AIRLOCK (MEN) 3,55 2,7 7,55 21 20 71   130 0   0 71 
013 LAB CORRIDOR 15,69 2,7 18,05 21 20 314   130 0   0 314 
014 MATERIAL AIRLOCK 42,17 2,7 10,35 21 20 843   130 0   0 843 
015 WASTE DISPOSAL ROOM 36,78 2,7 10,11 21 20 736   130 0   0 736 
016 INSTRUMENT ROOM 6,32 2,7 10,13 21 20 126   130 0 Lab Equipment 300 426 
017 TEST ROOM 6,30 2,7 11,10 21 20 126   130 0   0 126 
018 ANALYTICAL LAB 60,94 2,7 32,55 21 20 1.219 6 130 780 Lab Equipment 1.662 3.661 
019 MATERIAL AIRLOCK 5,06 2,7 9,00 21 20 101   130 0   0 101 
020 CLEAN CORRIDOR 20,60 2,7 26,60 21 20 412   130 0   0 412 
021 AIRLOCK 3,42 2,7 7,40 21 20 68   130 0   0 68 
022 GOWNING 3,42 2,7 7,40 21 20 68   130 0 Automatic Hand Sterilizer 40 108 
023 SAMPLING ROOM 8,05 2,7 11,80 21 20 161 1 130 130 Incubator Shaker 645 936 
024 AIRLOCK 3,42 2,7 7,40 21 20 68   130 0   0 68 
025 GOWNING 3,42 2,7 7,40 21 20 68   130 0   0 68 
026 FORMULATION ROOM 7,95 2,7 11,80 21 20 159 1 130 130   0 289 
027 AIRLOCK 3,23 2,7 7,20 21 20 65   130 0   0 65 
028 GOWNING 3,23 2,7 7,20 21 20 65   130 0   0 65 
029 STERILITY TEST ROOM 7,76 2,7 11,40 21 20 155 1 130 130 Vacuum Pump 380 665 
030 PREPARATION ROOM 17,36 2,7 18,00 21 20 347 1 130 130 Autoclave 2.200 2.677 
031 PACKAGING ROOM 85,24 2,7 40,00 21 20 1.705 7 130 910 Blister Packaging Machine 2.200 4.815 
032 INSPECTION ROOM 18,45 2,7 18,60 21 20 369 2 130 260 Inspection Machine 750 1.379 
033 LABELING ROOM 26,09 2,7 21,00 21 20 522 2 130 260 Labeling Machine 750 1.532 
034 WAREHOUSE CORRIDOR 69,76 2,7 53,50 21 20 1.395   130 0   0 1.395 
035 DECK 58,59 5,0 32,60 21 20 1.172   130 0   0 1.172 
036 RAW MATERIAL STORAGE 49,64 5,0 30,50 21 20 993   130 0   0 993 
037 REJECTED MATERIAL STORAGE 6,84 2,7 10,50 21 20 137   130 0   0 137 
038 JANITOR ROOM 4,80 2,7 8,80 21 20 96 1 130 130   0 226 
039 WAREHOUSE OFFICE 6,72 2,7 10,40 21 20 134 1 130 130 Computer + Monitor 155 419 
040 MATERIAL AIRLOCK 16,64 2,7 16,80 5 20 333   130 0   0 333 
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Table 15. Internal Cooling Load (First Floor) 
Room Area Height Perim. T Lights People Equipment TOTAL 
Num. Name m² m m ºC K Q Num. HG Q Description Q Q W/m2 W W W W W 
101 LOBBY 26,55 2,7 23,70 25 20 531   130 0   0 531 
102 CORRIDOR 18,51 2,7 22,76 25 20 370   130 0   0 370 
103 WOMEN CHANGE ROOM 27,48 2,7 21,10 25 20 550   130 0   0 550 
104 MEN CHANGE ROOM 27,07 2,7 21,00 25 20 541   130 0   0 541 
105 CORRIDOR 10,26 2,7 15,00 25 20 205   130 0   0 205 
106 AIRLOCK 2,95 2,7 7,15 21 20 59   130 0   0 59 
107 DEGOWNING 3,19 2,7 7,15 21 20 64 1 130 130 Automatic Hand Sterilizer 40 234 
108 AIRLOCK 3,19 2,7 7,15 21 20 64   130 0   0 64 
109 GOWNING 3,19 2,7 7,15 21 20 64 1 130 130 Automatic Hand Sterilizer 40 234 
110 CLEAN CORRIDOR 46,96 2,7 47,10 21 20 939   130 0   0 939 
111 AUTOCLAVE DISCHARGE ROOM 8,72 2,7 11,95 21 20 174   130 0   0 174 
112 STERILIZATION ROOM 16,85 2,7 16,94 21 20 337 1 130 130 Dry Heat Sterilizer 2.200 2.667 
113 MATERIAL AIRLOCK 5,15 2,7 9,65 21 20 103   130 0   0 103 
114 MATERIAL AIRLOCK 4,95 2,7 9,35 21 20 99 2 130 260   0 359 
115 MATERIAL ENTRANCE 12,42 2,7 14,10 21 20 248   130 0   0 248 
116 FILLING CAPPING ROOM 40,93 2,7 25,80 21 20 819 2 130 260 Liquid Filling Machine 4.700 5.779 
117 TUNNEL STERILIZING ROOM 44,37 2,7 27,10 21 20 887 2 130 260 Tunnel Sterilizing Machine 5.600 6.747 
118 DILUTION ROOM 12,90 2,7 14,70 21 20 258 1 130 130 Mixing Tank 700 1.088 
119 AIRLOCK 6,12 2,7 10,20 21 20 122   130 0   0 122 
120 LAUNDRY 20,10 2,7 19,40 21 20 402 1 130 130 Dryer, Autoclave, Washing 3.200 3.732 
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5. Air leakage calculation 
The air pressure is kept highest in the cleanest areas and lower in less clean 
areas. Because air flows from high pressure to low pressure, airborne dust is 
swept out of the clean room and outside dust is prevented from floating in. 
The basis equation to calculate air leakage through gaps is: 
  360010?  @2  ∆A  
Where: 
- m is the airflow in m3/h 
- A is the area of the gap in mm2 
- ∆P is the difference pressure between the adjoining rooms in Pa 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
 
Table 16 shows the air leakage through the doors between the rooms of the 
clean area. 
Table 16. Air leakage through rooms 
DOOR LEAVES LEAF 1 LEAF 2 R1 R2 Pressure Gap Wide Leakage 
    mm mm (push) (pull) Pa Pa mm mm m3/h 
01 2 1000 500 013 019 0 10 10 1500 -230 
02 2 1000 500 019 020 10 0 10 1500 230 
03 1 700   020 021 0 10 10 700 -110 
04 1 700   020 024 0 10 10 700 -110 
05 1 700   020 027 0 10 10 700 -110 
06 1 700   020 030 0 10 10 700 -110 
07 1 700   021 022 10 25 10 700 -130 
08 1 700   022 023 25 35 10 700 -110 
09 1 700   024 025 10 25 10 700 -130 
10 1 700   025 026 25 35 10 700 -110 
11 1 700   027 028 10 25 10 700 -130 
12 1 700   028 029 25 35 10 700 -110 
13 1 700   105 106 0 15 10 700 -130 
14 1 700   106 107 15 30 10 700 -130 
15 1 700   106 108 15 30 10 700 -130 
16 1 700   108 109 30 45 10 700 -130 
17 1 700   107 110 30 35 10 700 -80 
18 1 700   109 110 45 35 10 700 110 
19 1 700   110 112 35 25 10 700 110 
20 1 900   110 118 35 45 10 900 -140 
21 1 900   110 119 35 20 10 900 170 
22 1 900   110 117 35 45 10 900 -140 
23 2 700 700 110 116 35 45 10 1400 -210 
24 2 700 700 111 110 25 35 10 1400 -210 
25 2 700 700 114 110 15 35 10 1400 -300 
26 1 900   115 113 0 15 10 900 -170 
27 1 900   115 114 0 15 10 900 -170 
28 1 900   119 120 20 10 10 900 140 
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6. Air Handling Units calculations 
The selected Air Handling Units (from now on AHU) will have several 
components, depending on their application on the plant and their requirements. 
The following sections are meant to determine the main value of the components 
of an HVAC System:  
 
6.1. Supply air 
Calculation for the design supply air quantities required is based on the peak 
requirements for each space. As the system selected don’t allow air flow to vary 
based on load, the peak load on an AHU serving several zones or spaces is 
considered equal to the sum of the peak loads of each zone, and so is the supply 
air required.  
In order to determine supply air flow of each AHU, the unfavorable case will be 
considered. That is, the maximum value of calculated airflow through: 
- Air changes per hour (depending on the Grade of the room) 
- Cooling Load (in summer) 
- Heating Load (in winter) 
 
Airflow by ACH 
The basis equation to calculate airflow by means of ACH (Air Changes per Hour) 
is: 
  B  86 
Where: 
- m is the airflow in m3/h 
- V is the volume of the room in m3 
- ACH is the air changes per hour 
 
Airflow by Cooling Load 
The basis equation to calculate airflow by means of Cooling Load is: 
  3,6  &C==DEF  ∆(  A 
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Where: 
- m is the airflow in m3/h 
- Q is the cooling load in W 
- cp is specific heat capacity in J·g-1·K-1 (considered 1,0 J·g-1·K-1) 
- ∆T is the difference temperature between the room and the supply air 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
 
Airflow by heating load 
The basis equation to calculate airflow by means of Heating Load is: 
  3,6  &GHIJEF  ∆(  A 
Where: 
- m is the airflow in m3/h 
- Q is the heating load in W 
- cp is specific heat capacity in J·g-1·K-1 (considered 1,0 J·g-1·K-1) 
- ∆T is the difference temperature between the room and the supply air 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
 
Required supply air 
The required air which each space requires will be the unfavorable value of the 
preceding calculations, that is, the maximum value: 
  KL),M; C==D; GHIJ 
 
6.2. Return air 
In order to determine return air flow of each AHU, the air leakage through doors 
and the vented exhaust air to the outside is considered.  
3-O  5PQ 7 -RM 7 *-)$ 
Where the subscripts are: 
- RET is for return air flow in m3/h 
- SUP is for supply air flow in m3/h 
- EXH is for exhaust air flow in m3/h 
- LEAK is for air leakage flow in m3/h 
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6.3. Fresh air intake 
Air Handling Units not corresponding to clean areas have mixing section, where 
the return air is mixed with air from outside. As per Reglamento de Instalaciones 
Térmicas de los Edificios – Instrucción Técnica 1.1.4.2. Exigencia de calidad del 
aire interior, indoor air is considered IDA 2. In order to calculate the minimum flow 
of fresh air, method B “Método indirecto de caudal de aire por unidad de 
superficie” will be used. 
Table 17. Outdoor air flow per surface unit 
 
Source: BOE núm. 207. Miércoles 29 agosto 2007. Pp. 35947. 
 
In application, the appropriated K (dm3/(s·m2)) is multiplied by the distribution 
area of the Air Handling Unit: 
  3,6      A 
Where: 
- m is the minimum fresh air intake in m3/h 
- K is the outdoor air flow per surface unit (taken from Table 17) 
- A is the distribution area of the corresponding AHU 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
 
Figure 1 shows the air flows in the mixing section of the Air Handling Unit. 
 
Figure 1. Mixing section 
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6.4. Cooling power 
The following calculation of cooling power distinguishes between the true 
sensible and latent heat loss of the air, which is accurate within the data’s 
limitations.  
The total cooling load QT of a cooling and dehumidifying coil per unit mass of dry 
air is indicated on Figure 2 and consists of the following components: 
Sensible heat 
The sensible heat QS is the heat removed from the dry air and moisture in cooling 
from entering temperature T1 (*) and leaving temperature T2. The basis equation 
is: 
&5    A  EF  Δ(3600  
Where: 
- QS is the sensible heat in W 
- m is the supply airflow in m3/h 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
- cp is specific heat capacity in J·g-1·K-1 (considered 1,0 J·g-1·K-1) 
- ∆T is the difference temperature between T1 and T2 (*) 
(*) For 100% Fresh Air AHUs, temperature T1 correspond to outdoor dry bulb 
temperature DBT. For AHUs with mixing section, temperature T1 correspond to 
air mixed temperature. Temperature T2 corresponds to the Dew Point of the room 
temperature. 
 
Latent heat 
The latent heat QL is the heat removed to condense the moisture at the dew point 
temperature T4 and further cool the condensate to its leaving condensate 
temperature T2. Latent heat may be found by: 
&*    A    T 7 3600  
Where: 
- QL is the latent heat in W 
- m is the supply airflow in m3/h 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
- λ is latent heat of vaporization in kJ/kg (considered 2501kJ/kg) 
- ∆W is the difference absolute humidity between entering point 1 and 
leaving point2 in gw/kga 
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Total heat 
The desired cooling power QT corresponds to the total heat, which may be 
computed by: 
&O  &5 + &* 
 
Figure 2. Psychrometric performance of cooling and dehumidifying coil 
Source: ASHRAE. 2008. 2008 ASHRAE Handbook HVAC Systems and equipment. In Chapter 21. Humidifiers, 
pp. 21.5. 
 
6.5. Heating power 
Heating coil thermal performance is relatively simple to derive. It only involves a 
dry-bulb temperature and sensible heat, without the complications of latent load 
and wet-bulb temperature for dehumidifying cooling performance. Heating power 
may be found by: 
&5    A  EF  Δ(3600  
Where: 
- QS is the sensible heat in W 
- m is the supply airflow in m3/h 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
- cp is specific heat capacity in J·g-1·K-1 (considered 1,0 J·g-1·K-1) 
- ∆T is the difference temperature (*) 
(*) In summer, as the heating coil is installed just after the cooling coil, the outlet 
temperature of the cooling coil and the inlet temperature of the heating coil is 
exactly the same. Nevertheless, in winter there’s no need on using the cooling 
 Page | 27 
 
coil, so the inlet temperature is the outdoor (100% fresh air) or the air mixed 
temperature (in case of mixing section). 
 
6.6. Humidification 
The process of humidification is simplified by adding steam directly into the air. 
Steam is water vapor under pressure and at high temperature. This method is an 
isothermal process because the temperature of the air remains almost constant 
as the moisture is added. Humidification power may be found by: 
&    A    U 
Where: 
- Q is the heat in W 
- m is the supply airflow in m3/h 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
- λ is latent heat of vaporization in kJ/kg (considered 2501 kJ/kg) 
- ∆W is the difference absolute humidity between entering point 1 and 
leaving point 2 in gw/kga (*) 
(*) As humidification is only used in winter, and the steam lance is situated after 
the heating coil, entering point 1 will be the outlet temperature of the cooling coil. 
 
7. AHU Specifications design 
7.1. Basis of design 
Specifications of the Air Handling Units, as supply air flow, heating power, cooling 
power and humidification depend directly on supply air temperature, which is 
established by the engineer. 
Supply air temperature should be fixed neither so high (in winter) nor so low (in 
summer), in order not to reach a room temperature out of range. The less the 
airflow is supplied, the more time is taken to heat or cool to the desired 
temperature. On the other hand, too much airflow will result in a drafty feeling to 
the room and inefficient heating or cooling. 
The basis equation to calculate room temperature is: 
(322V  (5PQ + 3,6  &  A  
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Where: 
- TROOM is the room temperature in ºC 
- TSUP is the supply air temperature in ºC 
- Q is the heating or cooling load in W 
- m is the supply air flow in m3/h 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
 
Once the supply temperature of the airflow is fixed, supply airflow, cooling and 
heating power calculations of the AHU’s components are completely defined. 
Following tables show main specifications values of the components of each 
AHU. 
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7.2. Calculation summary tables 
Table 18. AHU-01 Room distribution and main components power capacity 
  Room Area Height Vol. Grade Press. ACH Cooling Heating m by m by m by Supply Return Leakage Exhaust 
                Load Load ACH cooling heating air air air air 
# Name m² m m³   Pa   W W m³/h m³/h m³/h m³/h m³/h m³/h m³/h 
002 CORRIDOR 30,00 2,7 81,0 N/C N.R. 12 986 675 972 329 506 980 980 0   
003 MANAGER OFFICE 11,03 2,7 29,8 N/C N.R. 12 808 248 357 269 186 360 360 0   
004 OFFICE 13,80 2,7 37,3 N/C N.R. 12 1.469 310 447 490 233 490 490 0   
005 STORAGE ROOM 7,00 2,7 18,9 N/C N.R. 12 230 157 227 77 118 230 230 0   
006 JANITOR ROOM 4,08 2,7 11,0 N/C N.R. 12 264 92 132 88 69 140 140 0   
007 GENERAL OFFICE 29,23 2,7 78,9 N/C N.R. 12 2.864 892 947 955 669 960 960 0   
008 MEETING ROOM 24,05 2,7 64,9 N/C N.R. 12 2.515 1.444 779 838 1.083 1.090 1.090 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    119,19   321,8       9.137 3.819 3.862 3.046 2.864 4.250 4.250 0 0 
 
DESIGN DATA       EXH RET FAI SUP   
 
COOLING COIL 
  
 
HEATING COIL (SUMMER) 
S
u
m
m
e
r
 
DBT 24,1 ºC   m 427 3823 427 4250 m3/h 
 
Dehumidifying 0,0 kg/h 
 
MAX. Supply temp. 23 
 WBT 16,3 ºC 
S
u
m
m
.
 DBT 25,0 25,0 24,1 24,9 ºC 
 
Sensible heat 12,62 kW 
 
Post heating MIN 0,00 kW 
 Room T 25,0 ºC W 9,87 9,87 8,37 9,72 gr/kgr 
 
Latent  heat 0,00 kW 
 
Post heating MAX 0,00 kW 
 Min. Room T 23,0 ºC RH 50% 50% 45% 50% % 
 
Total   12,62 kW 
 
Safety coefficient 10% 
 Room RH 50% 
W
i
n
t
e
r
 DBT 21,0 21,0 -19,5 16,9 ºC 
 
Safety coefficient 10% 
 
      
 Supply T 16,0 ºC W 7,73 7,73 0,66 7,02 gr/kgr 
 
Cooling power 13,88 kW 
 
Heating power 0,00 Kw 
 
W
i
n
t
e
r
 
DBT -19,5 ºC RH 50% 50% 83% 59% % 
 
      
 
      
 WBT -19,8 ºC 
         Room T 21,0 ºC EXH: Exhaust air ACH: Air changes per hour 
  
HEATING COIL (WINTER) 
  
 
HUMIDIFIER 
  
 Max. Room T 23,0 ºC RET: Return air DBT: Dry Bulb Temperature 
  
Sensible heat   11,44 Kw 
 
Humidification   3,6 kg/h 
 Room RH 50% FAI: Fresh air intake WBT: Wet Bulb Temperature 
  
Safety coefficient 10% 
 
Safety coefficient 10% 
 Supply T 25,0 ºC SUP: Supply air m: airflow 
  
Heating power 12,58 Kw 
 
Humidifier Capacity 4,0 kg/h 
 
  Atm. Pressure 101325 Pa 
        
      
 
Power   2,77 Kw 
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Table 19. AHU-02 Room distribution and main components power capacity 
  Room Area Height Vol. Grade Press. ACH Cooling Heating m by m by m by Supply Return Leakage Exhaust 
                Load Load ACH cooling heating air air air air 
# Name m² m m³   Pa   W W m³/h m³/h m³/h m³/h m³/h m³/h m³/h 
010 AIRLOCK (WOMEN) 3,37 2,7 9,1 N/C N.R. 12 111 76 109 66 76 110 110 0   
012 AIRLOCK (MEN) 3,55 2,7 9,6 N/C N.R. 12 117 80 115 70 80 120 120 0   
013 LAB CORRIDOR 15,69 2,7 42,4 N/C N.R. 12 516 353 508 310 353 510 740 -230   
014 MATERIAL AIRLOCK 6,64 2,7 17,9 N/C N.R. 12 676 149 215 832 149 410 410 0   
015 WASTE DISPOSAL ROOM 6,10 2,7 16,5 N/C N.R. 12 596 137 198 726 137 360 0 0 360 
016 INSTRUMENT ROOM 6,32 2,7 17,1 N/C N.R. 12 508 142 205 305 142 310 310 0   
017 TEST ROOM 6,30 2,7 17,0 N/C N.R. 12 207 142 204 124 142 210 210 0   
018 ANALYTICAL LAB 60,94 2,7 164,5 N/C N.R. 12 4.446 1.371 1.974 2.667 1.371 2.670 2.670 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    108,91   294,1       7.176 2.450 3.529     4.700 4.570 -230 360 
 
DESIGN DATA         EXH RET FAI SUP   
 
COOLING COIL 
  
 
HEATING COIL (SUMMER) 
S
u
m
m
e
r
 
DBT 24,1 ºC     m 261 4309 391 4700 m3/h 
 
Dehumidifying 0,3 kg/h 
 
MAX. Supply temp. 19 ºC 
 WBT 16,3 ºC   
S
u
m
m
.
 DBT 21,0 21,0 24,1 21,3 ºC 
 
Sensible heat 17,34 Kw 
 
Post heating MIN 9,11 Kw 
 Room T 21,0 ºC   W 7,73 7,73 8,37 7,78 gr/kgr 
 
Latent  heat 0,21 Kw 
 
Post heating MAX 13,81 Kw 
 Min. Room T 19,0 ºC   RH 50% 50% 45% 50% % 
 
Total   17,55 Kw 
 
Safety coefficient 10% 
 Room RH 50% 10,2 ºC 
W
i
n
t
e
r
 DBT 21,0 21,0 -19,5 17,6 ºC 
 
Safety coefficient 10% 
 
      
 Supply T 16,0 ºC 10,3 ºC W 7,73 7,73 0,66 7,14 gr/kgr 
 
Cooling power 19,31 Kw 
 
Heating power 15,19 Kw 
 
W
i
n
t
e
r
 
DBT -19,5 ºC   RH 50% 50% 83% 57% % 
 
      
 
      
 WBT -19,8 ºC   
         Room T 21,0 ºC   EXH: Exhaust air ACH: Air changes per hour 
  
HEATING COIL (WINTER) 
 
HUMIDIFIER 
  
 Max. Room T 23,0 ºC   RET: Return air DBT: Dry Bulb Temperature 
  
Sensible heat   9,97 Kw 
 
Humidification   3,3 kg/h 
 Room RH 50% 10,2 ºC FAI: Fresh air intake WBT: Wet Bulb Temperature 
  
Safety coefficient 10% 
 
Safety coefficient 10% 
 Supply T 24,0 ºC 9,0 ºC SUP: Supply air m: airflow 
  
Heating power 10,97 Kw 
 
Humidifier Capacity 3,6 kg/h 
 
  Atm. Pressure 101325 Pa   
        
      
 
Power   2,46 Kw 
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Table 20. AHU-03 Room distribution and main components power capacity 
  Room Area Height Vol. Grade Press. ACH Cooling Heating m by m by m by Supply Return Leakage Exhaust 
                Load Load ACH cooling heating air air air air 
# Name m² m m³   Pa   W W m³/h m³/h m³/h m³/h m³/h m³/h m³/h 
031 PACKAGING ROOM 85,24 2,7 230,1 N/C N.R. 12 6.064 2.529 2.762 3.032 1.897 3.040 3.040 0   
032 INSPECTION ROOM 18,45 2,7 49,8 N/C N.R. 12 1.641 577 598 820 433 830 830 0   
033 LABELING ROOM 26,09 2,7 70,4 N/C N.R. 12 1.948 1.126 845 974 845 980 980 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    129,78   350,4       9.652 4.232 4.205     4.850 4.850 0 0 
 
DESIGN DATA       EXH RET FAI SUP   
 
COOLING COIL 
    
 
HEATING COIL (SUMMER) 
S
u
m
m
e
r
 
DBT 24,1 ºC     m 465 4385 465 4850 m3/h 
 
Dehumidifying   0,4 kg/h 
 
MAX. Supply temp.   19,0 ºC 
WBT 16,3 ºC   
S
u
m
m
.
 DBT 21,0 21,0 24,1 21,3 ºC 
 
Sensible heat   17,96 Kw 
 
Post heating MIN   7,78 Kw 
Room T 21,0 ºC   W 7,73 7,73 8,37 7,79 gr/kgr 
 
Latent  heat   0,25 Kw 
 
Post heating MAX   14,25 Kw 
Min. Room T 19,0 ºC   RH 50% 50% 45% 49% % 
 
Total     18,21 Kw 
 
Safety coefficient   10% 
Room RH 50% 10,2 ºC 
W
i
n
t
e
r
 
DBT 21,0 21,0 -19,5 17,1 ºC 
 
Safety coefficient   10% 
 
        
Supply T 15,0 ºC 10,3 ºC W 7,73 7,73 0,66 7,05 gr/kgr 
 
Cooling Power     20,03 kW 
 
Heating Power     15,67 kW 
W
i
n
t
e
r
 
DBT -19,5 ºC   RH 50% 50% 83% 58% % 
 
      
WBT -19,8 ºC   
          
Room T 21,0 ºC   EXH: Exhaust air ACH: Air changes per hour 
  
HEATING COIL (WINTER)  
 
HUMIDIFIER 
    
Max. Room T 23,0 ºC   RET: Return air DBT: Dry Bulb Temperature 
  
Sensible heat     12,75 Kw 
 
Humidification     3,9 kg/h 
Room RH 50% 10,2 ºC FAI: Fresh air intake WBT: Wet Bulb Temperature 
  
Safety coefficient   10% 
 
Safety coefficient   10% 
Supply T 25,0 ºC 8,8 ºC SUP: Supply air m: airflow 
  
Heating Power     14,02 kW 
 
Humidifier Capacity 4,3 kg/h 
  Atm. Pressure 101325 Pa   
        
  
 
Power     3,01 Kw 
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Table 21. AHU-04 Room distribution and main components power capacity 
  Room Area Height Vol. Grade Press. ACH Cooling Heating m by m by m by Supply Return Leakage Exhaust 
                Load Load ACH cooling heating air air air air 
# Name m² m m³   Pa   W W m³/h m³/h m³/h m³/h m³/h m³/h m³/h 
034 WAREHOUSE CORRIDOR 69,76 2,7 188,4 N/C N.R. 12 1.431 1.111 2.260 1.227 1.333 2.270 2.270 0   
036 RAW MATERIAL STORAGE 49,64 5,0 248,2 N/C N.R. 12 1.066 1.275 2.978 914 1.530 2.980 2.980 0   
037 REJECTED MATERIAL STORAGE 6,84 2,7 18,5 N/C N.R. 12 137 73 222 117 88 230 0 0 230 
038 JANITOR ROOM 4,80 2,7 13,0 N/C N.R. 12 226 52 156 194 62 200 200 0   
039 WAREHOUSE OFFICE 6,72 2,7 18,1 N/C N.R. 12 419 72 218 359 87 360 360 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    137,76   486,1       3.279 2.583 5.833     6.040 5.810 0 230 
 
DESIGN DATA       EXH RET FAI SUP   
 
COOLING COIL 
    
 
HEATING COIL (SUMMER) 
S
u
m
m
e
r
 
DBT 24,1 ºC     m 264 5546 494 6040 m3/h 
 
Dehumidifying   0,4 kg/h 
 
MAX. Supply temp.   19,0 ºC 
WBT 16,3 ºC   
S
u
m
m
.
 DBT 21,0 21,0 24,1 21,3 ºC 
 
Sensible heat   22,28 Kw 
 
Post heating MIN   14,72 Kw 
Room T 21,0 ºC   W 7,73 7,73 8,37 7,78 gr/kgr 
 
Latent  heat   0,27 Kw 
 
Post heating MAX   17,74 Kw 
Min. Room T 19,0 ºC   RH 50% 50% 45% 50% % 
 
Total     22,55 Kw 
 
Safety coefficient   10% 
Room RH 50% 10,2 ºC 
W
i
n
t
e
r
 DBT 21,0 21,0 -19,5 17,7 ºC 
 
Safety coefficient   10% 
 
        
Supply T 17,5 ºC 10,3 ºC W 7,73 7,73 0,66 7,15 gr/kgr 
 
Cooling power   24,80 Kw 
 
Heating power   19,52 Kw 
W
i
n
t
e
r
 
DBT -19,5 ºC   RH 50% 50% 83% 57% % 
 
        
 
        
WBT -19,8 ºC   
          
Room T 21,0 ºC   EXH: Exhaust air ACH: Air changes per hour 
  
HEATING COIL (WINTER)  
 
HUMIDIFIER 
    
Max. Room T 23,0 ºC   RET: Return air DBT: Dry Bulb Temperature 
  
Sensible heat     11,70 Kw 
 
Humidification   4,2 kg/h 
Room RH 50% 10,2 ºC FAI: Fresh air intake WBT: Wet Bulb Temperature   Safety coefficient   10%  Safety coefficient   10% 
Supply T 23,5 ºC 9,0 ºC SUP: Supply air m: airflow 
  
Heating power   12,87 Kw 
 
Humidifier Capacity 4,6 kg/h 
  Atm. Pressure 101325 Pa   
        
        
 
Power     3,08 Kw 
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Table 22. AHU-05 Room distribution and main components power capacity 
  Room Area Height Vol. Grade Press. ACH Cooling Heating m by m by m by Supply Return Leakage Exhaust 
                Load Load ACH cooling heating air air air air 
# Name m² m m³   Pa   W W m³/h m³/h m³/h m³/h m³/h m³/h m³/h 
019 MATERIAL AIRLOCK 5,06 2,7 13,7 D +10 20 166 114 273 143 114 280 -180 460   
020 CLEAN CORRIDOR 20,60 2,7 55,6 D 0 20 677 463 1.112 581 463 1.120 1.790 -670   
021 AIRLOCK 3,42 2,7 9,2 D +10 20 112 77 185 96 77 190 210 -20   
022 GOWNING 3,42 2,7 9,2 C +25 25 152 77 231 131 77 240 220 20   
023 SAMPLING ROOM 8,05 2,7 21,7 C +35 25 1.069 382 543 917 382 920 810 110   
024 AIRLOCK 3,42 2,7 9,2 D +10 20 112 77 185 96 77 190 210 -20   
025 GOWNING 3,42 2,7 9,2 C +25 25 112 77 231 96 77 240 220 20   
026 FORMULATION ROOM 7,95 2,7 21,5 C +35 25 419 366 537 359 366 540 430 110   
027 AIRLOCK 3,23 2,7 8,7 D +10 20 106 73 174 91 73 180 200 -20   
028 GOWNING 3,23 2,7 8,7 C +25 25 106 73 218 91 73 220 200 20   
029 STERILITY TEST ROOM 7,76 2,7 21,0 C +35 25 791 352 524 678 352 680 570 110   
030 PREPARATION ROOM 17,36 2,7 46,9 D +10 20 2.922 534 937 2.505 534 2.510 2.400 110   
    86,92   234,7       6.748 2.664 5.150     7.310 7.080 230 0 
 
DESIGN DATA       EXH RET FAI SUP   
 
COOLING COIL 
    
 
HEATING COIL (SUMMER) 
S
u
m
m
e
r
 
DBT 24,1 ºC     m 7080 0 7310 7310 m3/h 
 
Dehumidifying   5,7 kg/h 
 
MAX. Supply temp.   19,0 ºC 
WBT 16,3 ºC   
S
u
m
m
.
 DBT 21,0 21,0 24,1 24,1 ºC 
 
Sensible heat   33,90 Kw 
 
Post heating MIN   17,82 Kw 
Room T 21,0 ºC   W 7,73 7,73 8,37 8,37 gr/kgr 
 
Latent  heat   3,93 Kw 
 
Post heating MAX   21,47 Kw 
Min. Room T 19,0 ºC   RH 50% 50% 45% 45% % 
 
Total     37,83 Kw 
 
Safety coefficient   10% 
Room RH 50% 10,2 ºC 
W
i
n
t
e
r
 DBT 21,0 21,0 -19,5 -19,5 ºC 
 
Safety coefficient   10% 
 
        
Supply T 17,5 ºC 11,4 ºC W 7,73 7,73 0,66 0,66 gr/kgr 
 
Cooling power   41,61 Kw 
 
Heating power   23,62 Kw 
W
i
n
t
e
r
 
DBT -19,5 ºC   RH 50% 50% 83% 83% % 
 
        
 
        
WBT -19,8 ºC   
          
Room T 21,0 ºC   
    
HEATING COIL (WINTER) 
    
 
HUMIDIFIER 
    
Max. Room T 23,0 ºC   
    
Sensible heat     57,26 Kw 
 
Humidification   62,0 kg/h 
Room RH 50% 10,2 ºC 
    
Safety coefficient   10% 
 
Safety coefficient   10% 
Supply T 24,0 ºC -21,7 ºC 
    
Heating power   62,99 Kw 
 
Humidifier Capacity 68,2 kg/h 
  Atm. Pressure 101325 Pa   
        
        
 
Power 45,87 Kw 
                     
             
RECOVERY COIL (WINTER)  
 
RECOVERY COIL (SUMMER) 
    
             
Temperature difference     20,0 ºC 
 
Temperature difference     20,0 ºC 
             
Heat recovery coefficient  0,60 
 
Heat recovery coefficient  0,60 
             
Power     77,97 Kw 
 
Power   1,76 Kw 
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Table 23. AHU-06 Room distribution and main components power capacity 
  Room Area Height Vol. Grade Press. ACH Cooling Heating m by m by m by Supply Return Leakage Exhaust 
                Load Load ACH cooling heating air air air air 
# Name m² m m³   Pa   W W m³/h m³/h m³/h m³/h m³/h m³/h m³/h 
106 AIRLOCK 2,95 2,7 8,0 D +15 20 91 207 159 91 207 210 340 -130   
107 DEGOWNING 3,19 2,7 8,6 B +30 35 258 115 301 258 115 310 260 50   
108 AIRLOCK 3,19 2,7 8,6 C +30 25 98 216 215 98 216 220 220 0   
109 GOWNING 3,19 2,7 8,6 B +45 35 258 115 301 258 115 310 70 240   
110 CLEAN CORRIDOR 46,96 2,7 126,8 B +35 35 1.324 1.806 4.438 1.324 1.806 4.440 4.170 270   
111 AUTOCLAVE DISCHARGE ROOM 8,72 2,7 23,5 B +25 35 253 444 824 253 444 830 1.040 -210   
112 STERILIZATION ROOM 16,85 2,7 45,5 C +25 25 2.820 865 1.137 2.820 865 2.830 2.940 -110   
113 MATERIAL AIRLOCK 5,15 2,7 13,9 C +15 25 158 342 348 158 342 350 180 170   
114 MATERIAL AIRLOCK 4,95 2,7 13,4 C +15 25 397 178 334 397 178 400 530 -130   
115 MATERIAL ENTRANCE 12,42 2,7 33,5 D 0 20 343 633 671 343 633 680 1.020 -340   
116 FILLING CAPPING ROOM 40,93 2,7 110,5 B/A +45 35 6.089 1.833 3.868 6.089 1.833 6.090 5.880 210   
117 TUNNEL STERILIZING ROOM 44,37 2,7 119,8 B +45 35 7.084 1.990 4.193 7.084 1.990 7.090 6.950 140   
118 DILUTION ROOM 12,90 2,7 34,8 B +45 35 1.186 465 1.219 1.186 465 1.220 1.080 140   
119 AIRLOCK 6,12 2,7 16,5 C +20 25 169 370 413 169 370 420 450 -30   
120 LAUNDRY 20,10 2,7 54,3 C +10 25 3.885 1.220 1.357 3.885 1.220 3.890 4.030 -140   
    0,00 0,00 0,0     0 0 0 0 0 0 0 0 0   
    231,99   626,4       24.412 10.799 19.779 24.412 10.799 29.290 29.160 130 0 
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DESIGN DATA         EXH RET FAI SUP   
 
COOLING COIL 
    
 
HEATING COIL (SUMMER) 
S
u
m
m
e
r
 
DBT 24,1 ºC     m 29160 0 29290 29290 m3/h 
 
Dehumidifying   22,6 kg/h 
 
MAX. Supply temp.   19,0 ºC 
WBT 16,3 ºC   
S
u
m
m
.
 DBT 21,0 21,0 24,1 24,1 ºC 
 
Sensible heat   135,83 Kw 
 
Post heating MIN   76,28 Kw 
Room T 21,0 ºC   W 7,73 7,73 8,37 8,37 gr/kgr 
 
Latent  heat   15,73 Kw 
 
Post heating MAX   86,04 Kw 
Min. Room T 19,0 ºC   RH 50% 50% 45% 45% % 
 
Total     151,57 Kw 
 
Safety coefficient   10% 
Room RH 50% 10,2 ºC 
W
i
n
t
e
r
 DBT 21,0 21,0 -19,5 -19,5 ºC 
 
Safety coefficient   10% 
 
        
Supply T 18,0 ºC 11,4 ºC W 7,73 7,73 0,66 0,66 gr/kgr 
 
Cooling power   166,72 Kw 
 
Heating power   94,64 Kw 
W
i
n
t
e
r
 
DBT -19,5 ºC   RH 50% 50% 83% 83% % 
 
      28,7 m3/h 
 
    
WBT -19,8 ºC   
          
Room T 21,0 ºC   EXH: Exhaust air ACH: Air changes per hour 
  
HEATING COIL (WINTER) 
    
 
HUMIDIFIER 
    
Max. Room T 23,0 ºC   RET: Return air DBT: Dry Bulb Temperature 
  
Sensible heat     229,44 Kw 
 
Humidification   248,3 kg/h 
Room RH 50% 10,2 ºC FAI: Fresh air intake WBT: Wet Bulb Temperature 
  
Safety coefficient   10% 
 
Safety coefficient   10% 
Supply T 24,0 ºC -21,7 ºC SUP: Supply air m: airflow 
  
Heating power   252,38 Kw 
 
Humidifier Capacity 273,1 kg/h 
  Atm. Pressure 101325 Pa                 14,5 m3/h  Power     
188,91 
Kw 
                     
             
RECOVERY COIL 
(WINTER)     
 
RECOVERY COIL (SUMMER) 
    
             
Temperature difference     20,0 ºC 
 
Temperature difference     20,0 ºC 
             
Heat recovery coefficient  0,60 
 
Heat recovery coefficient  0,60 
             
Power     312,43 Kw 
 
Power 20,66 Kw 
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8. Laminar Air Flow calculations 
Laminar air flow cabinet will be formed basically by fans which supplies air flow 
and filter just after the fans. 
The basis equation to calculate air flow from the LAF cabinet is: 
    W  3600 
Where: 
- m is the air flow in m3/h 
- A is the working area in m2 
- v is the air velocity in m/s 
Values are taken from corresponding room and specifications: 
- A = 19.98 m2 
- v = 0.45 m/s 
- m ≈ 32.370m3/h 
Considering that 6 fan units will be implemented, each unit will flow: 
1)/  6  32.3706  5.395 Y/[ 
 
9. Fan-coil calculations 
The selected Fan-coils will be formed basically by a fan which supplies air flow 
and a heating coil or electric battery. Following sections are meant to determine 
the main value of the previous components: 
 
9.1. Supply air flow 
Calculation for the design supply air quantities required is based on the peak 
requirements for each space. As the system selected don’t allow air flow to vary 
based on load, the peak load on an AHU serving several zones or spaces is 
considered equal to the sum of the peak loads of each zone, and so is the supply 
air required.  
In order to determine supply air flow of each Fan-coil, the unfavorable case will 
be considered. That is, the maximum value of calculated airflow through Heating 
Load. 
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Airflow by heating load 
The basis equation to calculate airflow by means of Heating Load is: 
  3,6  &GHIJEF  ∆(  A 
Where: 
- m is the airflow in m3/h 
- Q is the heating load in W 
- cp is specific heat capacity in J·g-1·K-1 (considered 1,0 J·g-1·K-1) 
- ∆T is the difference temperature between the room and the supply air 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
 
9.2. Heating power 
Heating coil thermal performance is relatively simple to derive. It only involves a 
dry-bulb temperature and sensible heat, without the complications of latent load 
and wet-bulb temperature for dehumidifying cooling performance. Heating power 
may be found by: 
&5    A  EF  Δ(3600  
Where: 
- QS is the sensible heat in W 
- m is the supply airflow in m3/h 
- ρ is the density in kg/m3 (considered 1,2 kg/m3) 
- cp is specific heat capacity in J·g-1·K-1 (considered 1,0 J·g-1·K-1) 
- ∆T is the difference temperature (*) 
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9.3. Calculation summary table 
Table 24. Fan-coil (FC-02) sizing 
  Room Area Height Vol. ACH Heating m by m by m by Supply Room T 
            Load ACH cooling heating air Winter 
# Name m² m m³   W m³/h m³/h m³/h m³/h ºC 
103 WOMEN CHANGE ROOM 27,48 2,7 74,2 6 1.525 445 -348 654 654 21,0 
104 MEN CHANGE ROOM 27,07 2,7 73,1 6 1.212 439 -335 519 519 21,0 
    54,55   147,3   2.737 884 -683 1.173 1.173   
              
 
DESIGN DATA   
 
HEATING COIL (WINTER) 
W
i
n
t
e
r
 
DBT -19,5 ºC Sensible heat 7,04 Kw 
WBT -19,8 ºC Safety coefficient 10% 
Room T 21,0 ºC Heating power 7,74 Kw 
Max. Room T 25,0 ºC Q hot water coil  (∆T=15ºC) 0,4 m3/h 
Room RH 50% 
    
Supply T 28,0 ºC 
    
 
Table 25. Fan-coil (FC-01) sizing 
  Room Area Height Vol. ACH Heating m by m by Supply Room T 
            Load ACH heating air Winter 
# Name m² m m³   W m³/h m³/h m³/h ºC 
009 WOMEN CHANGE ROOM 21,32 2,7 57,6 6 480 345 240 345 22,8 
011 MEN CHANGE ROOM 21,52 2,7 58,1 6 484 349 242 349 22,8 
    42,84   115,7   964 694 482 694   
                 
DESIGN DATA   
 
HEATING COIL (WINTER)  
 
 
   
W
i
n
t
e
r
 
DBT -19,5 ºC 
 
Sensible heat   3,76 Kw 
     
WBT -19,8 ºC 
 
Safety coefficient   10% 
     
Room T 21,0 ºC 
 
Heating Power  4,14 Kw 
     
Max. Room T 25,0 ºC 
 
Q hot water coil  (∆T=15ºC) 0,2 m3/h 
     
Room RH 50% 
          
Supply T 28,0 ºC 
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10. Air duct system 
10.1. Duct sizing 
Duct sizing will be calculated through the equal friction method: 
1. Compute the necessary air flow volume (m3/h) in every room. 
2. Use 1) to compute the necessary air flow volume in the main system 
3. Determine the maximum acceptable air flow velocity in the main duct 
4. Determine the major pressure drop (Pa/m) in the main duct 
5. Use the major pressure drop for the main duct as a constant to determine 
the duct sizes throughout the distribution system 
6. Determine the total resistance in the duct system by multiplying the static 
resistance with the equivalent length of the longest run 
7. Compute balancing dampers and others accessories 
 
Maximum acceptable air flow velocity 
Air velocity in ducts should be kept within certain limits to avoid noise and 
unacceptable friction loss and energy consumption. For low and medium 
pressure ducts following limits will be taken: 
- Main ducts: 
o Supply duct: 7,5 m/s 
o Return duct: 6,5 m/s 
- Secondary ducts: 
o Supply ducts: 6 m/s 
o Return ducts: 5 m/s 
The basis equation to calculate air velocity is: 
W    3600 
Where: 
- v is the air velocity (m/s) 
- m is the air flow (m3/h) 
- A is the section of the duct (m2) 
 
Hydraulic diameter 
Installed air distribution ducts may be circular or rectangular. As main calculation 
tables and expressions are according to circular ducts, hydraulic diameter is 
taken into consideration for rectangular ducts. 
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The equation used to determine hydraulic diameter is: 
9G  1,3 6  \,?]6 + \,] 
Where: 
- Dh is the hydraulic diameter (cm) 
- H is the height (cm) 
- W is the width (cm) 
 
Pressure drop in ducts 
Major pressure drop established for the main duct is considered to be 1 Pa/m. 
Air inside the duct is subjugated to a drop pressure cause by friction. The basis 
equation to determine pressure drop is: 
∆    ^ A9G  W

2  
Where: 
- ∆P is the pressure drop (Pa) 
- L is the duct length (m) 
- f is the friction coefficient (dimensionless), from Moody chart (Figure 3) 
- ρ is the air density (considered 1,2 kg/m3) 
- Dh is the hydraulic diameter (m) 
- v is the air velocity (m/s) 
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Figure 3. Relation between friction factor and Reynolds number 
Source: ASHRAE. 2005. 2005 ASHRAE Handbook Fundamentals. In Chapter 2.Fluid flow, pp. 2.8. 
 
Friction loss is obtained through the relative roughness, which is: 
_`  _I9  
Where: 
- _` is the relative roughness (dimensionless) 
- _` is the absolute roughness (cm), taken from Table 26 
- 9 is the hydraulic diameter 
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Table 26. Absolute roughness of duct materials 
 
Source: ASHRAE. 2005. 2005 ASHRAE Handbook Fundamentals. In Chapter 35. Duct sizing, pp. 35.7. 
 
Pressure drop in fittings 
Air which flow through the duct with fittings, such as elbows, wyes, tees, etc. is 
subjugated to a drop pressure cause by friction. The basis equation to determine 
pressure drop in fittings is: 
∆  8  A  W2  
Where:  
- ∆P is the pressure drop (Pa) 
- C is loss coefficient (dimensionless), considered 0,33 
- ρ is the air density (considered 1,2 kg/m3) 
- v is the air velocity (m/s) 
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Pressure drop in accessories 
Pressure drop values in air distribution and filtration elements are considered as 
recommended as it follows: 
Table 27. Pressure drop (Pa) in air distribution elements 
Air distribution 
element 
Drop pressure 
(Pa) 
Diffuser 10 
Return grill 20 
CAV/VAV 50 
Silencer 60 
Filter H-14 500 
 
Total pressure drop 
Total pressure drop for each run is the sum of the calculated pressure drop due 
the friction in: 
- ducts 
- fittings 
- accessories 
∆O2O  a ∆bcCJ + ∆dJJ<e + ∆HDH#H<Jf 
∆O2O  a  ^ A9G  W

2 + 8  A  W

2 +∆HDH#H<Jf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Table 28. AHU-01 Supply air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (dim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2     Galv. Steel 0,900 Circular 4.250 1,5       45 45     7,42 1,94 2,12 
2 2 2.1 VAV   Galv. Steel 0,900 Circular 1.090 1,5 1 50   25 25     6,17 60,37 1,18 
3 2.1 2.2     Galv. Steel 0,900 Circular 545 1,0 1     20 20     4,82 6,18 0,63 
4 2.2 2.20   DIF-11 Flexible 1,500 Circular 545 1,0     10 20 20     4,82 12,64 0,63 
5 2.1 2.3     Galv. Steel 0,900 Circular 545 4,0 1     20 20     4,82 10,93 2,51 
6 2.3 2.30   DIF-10 Flexible 1,500 Circular 545 1,0     10 20 20     4,82 12,64 0,63 
7 2 3     Galv. Steel 0,900 Circular 3.160 7,5 1     45 45     5,52 11,68 10,60 
8 3 3.1 VAV   Galv. Steel 0,900 Circular 960 2,5 1 50   25 25     5,43 59,59 1,96 
9 3.1 3.2     Galv. Steel 0,900 Circular 480 1,5 1     20 20     4,24 5,45 0,94 
10 3.2 3.20   DIF-09 Flexible 1,500 Circular 480 1,0     10 20 20     4,24 12,09 0,63 
11 3.1 3.3     Galv. Steel 0,900 Circular 480 1,5 1     20 20     4,24 5,45 0,94 
12 3.3 3.30   DIF-08 Flexible 1,500 Circular 480 1,0     10 20 20     4,24 12,09 0,63 
13 3 3.40   DIF-03 Flexible 1,500 Circular 327 1,0     10 15 15     5,13 14,20 0,47 
14 3 4     Galv. Steel 0,900 Circular 1.873 3,5       35 35     5,41 3,45 3,85 
15 4 4.1 VAV   Galv. Steel 0,900 Circular 230 4,0 2 50   15 15     3,62 60,50 1,88 
16 4.1 4.10   DIF-06 Flexible 1,500 Circular 230 1,0     10 15 15     3,62 12,22 0,47 
17 4 4.20   DIF-02 Flexible 1,500 Circular 327 1,0     10 15 15     5,13 14,20 0,47 
18 4 5     Galv. Steel 0,900 Circular 1.317 1,0       25 25     7,45 2,66 0,79 
19 5 5.1 VAV   Galv. Steel 0,900 Circular 140 1,0 1 50   15 15     2,20 51,50 0,47 
20 5.1 5.10   DIF-07 Flexible 1,500 Circular 140 1,0     10 15 15     2,20 10,90 0,47 
21 5 6     Galv. Steel 0,900 Circular 1.177 3,5 1     25 25     6,66 16,37 2,75 
22 6 6.10   DIF-01 Flexible 1,500 Circular 327 1,0     10 15 15     5,13 14,20 0,47 
23 6 7     Galv. Steel 0,900 Circular 850 3,5 1     25 25     4,81 8,78 2,75 
24 7 7.1 VAV   Galv. Steel 0,900 Circular 360 1,5 1 50   20 20     3,18 53,12 0,94 
25 7.1 7.10   DIF-04 Flexible 1,500 Circular 360 1,0     10 20 20     3,18 11,24 0,63 
26 7 7.2 VAV   Galv. Steel 0,900 Circular 490 1,5 1 50   20 20     4,33 55,67 0,94 
27 7.2 7.20   DIF-05 Flexible 1,500 Circular 490 1,0     10 20 20     4,33 12,17 0,63 
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Table 29. AHU-01 Return air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2     Galv. Steel 0,900 Circular 4.250 7,5 2     50 50     6,01 20,12 11,78 
2 2 2.1     Galv. Steel 0,900 Circular 545 1,5 1     20 20     4,82 6,97 0,94 
3 2.1 2.10   RG01 Flexible 1,500 Circular 545 1,0     20 20 20     4,82 22,64 0,63 
4 2 2.2     Galv. Steel 0,900 Circular 490 2,0 1     20 20     4,33 6,32 1,26 
5 2.2 2.20   RG02 Flexible 1,500 Circular 490 1,0     20 20 20     4,33 22,17 0,63 
6 2 3     Galv. Steel 0,900 Circular 3.215 3,0 1     50 50     4,55 5,49 4,71 
7 3 3.1     Galv. Steel 0,900 Circular 320 0,5 1     15 15     5,03 6,22 0,24 
8 3.1 3.10   RG03 Flexible 1,500 Circular 320 1,0     20 15 15     5,03 24,05 0,47 
9 3 3.2     Galv. Steel 0,900 Circular 865 4,5 1     25 25     4,89 10,32 3,53 
10 3.2 3.20   RG04 Flexible 1,500 Circular 545 1,0     20 20 20     4,82 22,64 0,63 
11 3.2 3.21   RG05 Flexible 1,500 Circular 320 1,0     20 15 15     5,03 24,05 0,47 
12 3 4     Galv. Steel 0,900 Circular 2.030 6,5       35 35     5,86 7,42 7,15 
13 4 4.1     Galv. Steel 0,900 Circular 550 4,5 1     20 20     4,86 11,92 2,83 
14 4.1 4.10   RG06 Flexible 1,500 Circular 320 1,0     20 15 15     5,03 24,05 0,47 
15 4.1 4.11   RG07 Flexible 1,500 Circular 230 1,0     20 15 15     3,62 22,22 0,47 
16 4 5     Galv. Steel 0,900 Circular 1.480 2,2       35 35     4,27 1,41 2,42 
17 5 5.1     Galv. Steel 0,900 Circular 140 1,5 1     15 15     2,20 1,77 0,71 
18 5.1 5.10   RG08 Flexible 1,500 Circular 140 1,0     20 15 15     2,20 20,90 0,47 
19 5 5.2     Galv. Steel 0,900 Circular 490 1,5 1     20 20     4,33 5,67 0,94 
20 5.2 5.20   RG09 Flexible 1,500 Circular 490 1,0     20 20 20     4,33 22,17 0,63 
21 5 6     Galv. Steel 0,900 Circular 850 7,0 2     25 25     4,81 17,57 5,50 
22 6 6.1     Galv. Steel 0,900 Circular 490 1,0 1     20 20     4,33 5,02 0,63 
23 6.1 6.10   RG10 Flexible 1,500 Circular 490 1,0     20 20 20     4,33 22,17 0,63 
24 6 6.2     Galv. Steel 0,900 Circular 360 1,0 1     20 20     3,18 2,75 0,63 
25 6.2 6.20   RG11 Flexible 1,500 Circular 360 1,0     20 20 20     3,18 21,24 0,63 
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Table 30. AHU-02 Supply air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2     Galv. Steel 0,900 Circular 4.700 6,5 1     50 50     6,65 14,79 10,21 
2 2 2.1 CAV   Galv. Steel 0,900 Circular 2.670 2,5 1 50   40 40     5,90 59,35 3,14 
3 2.1 2.2     Galv. Steel 0,900 Circular 668 2,2 1     20 20     5,90 11,93 1,38 
4 2.2 2.20   DIF-23 Flexible 1,500 Circular 668 1,0     10 20 20     5,90 13,81 0,63 
5 2.1 2.3     Galv. Steel 0,900 Circular 668 2,2 1     20 20     5,90 11,93 1,38 
6 2.3 2.30   DIF-25 Flexible 1,500 Circular 668 1,0     10 20 20     5,90 13,81 0,63 
7 2.1 2.4     Galv. Steel 0,900 Circular 1.335 3,2       30 30     5,25 3,60 3,02 
8 2.4 2.5     Galv. Steel 0,900 Circular 668 2,2 1     20 20     5,90 11,93 1,38 
9 2.5 2.50   DIF-24 Flexible 1,500 Circular 668 1,0     10 20 20     5,90 13,81 0,63 
10 2.4 2.6     Galv. Steel 0,900 Circular 668 2,2 1     20 20     5,90 11,93 1,38 
11 2.6 2.60   DIF-26 Flexible 1,500 Circular 668 1,0     10 20 20     5,90 13,81 0,63 
12 2 3     Galv. Steel 0,900 Circular 2.030 0,5       35 35     5,86 0,57 0,55 
13 3 3.1 CAV   Galv. Steel 0,900 Circular 120 2,5 1 50   15 15     1,89 51,72 1,18 
14 3.1 3.10   DIF-17 Flexible 1,500 Circular 120 1,0     10 15 15     1,89 10,68 0,47 
15 3 4     Galv. Steel 0,900 Circular 1.910 0,5       35 35     5,51 0,51 0,55 
16 4 4.1 CAV   Galv. Steel 0,900 Circular 510 0,5 1 50   20 20     4,51 54,73 0,31 
17 4.1 4.10   DIF-18 Flexible 1,500 Circular 510 1,0     10 20 20     4,51 12,34 0,63 
18 4 5     Galv. Steel 0,900 Circular 1.400 1,5       35 35     4,04 0,87 1,65 
19 5 5.1 CAV   Galv. Steel 0,900 Circular 110 2,5 1 50   15 15     1,73 51,46 1,18 
20 5.1 5.10   DIF-14 Flexible 1,500 Circular 110 1,0     10 15 15     1,73 10,58 0,47 
21 5 6     Galv. Steel 0,900 Circular 1.290 2,0       25 25     7,30 5,13 1,57 
22 6 6.1 CAV   Galv. Steel 0,900 Circular 410 2,0 2 50   20 20     3,63 57,09 1,26 
23 6.1 6.10   DIF-19 Flexible 1,500 Circular 410 1,0     10 20 20     3,63 11,57 0,63 
24 6 7     Galv. Steel 0,900 Circular 880 2,5 1     25 25     4,98 8,11 1,96 
25 7 7.1 CAV   Galv. Steel 0,900 Circular 360 0,8 1 50   15 15     5,66 58,75 0,38 
26 7.1 7.10   DIF-20 Flexible 1,500 Circular 360 1,0     10 15 15     5,66 15,02 0,47 
27 7 8     Galv. Steel 0,900 Circular 520 2,5       20 20     4,60 3,63 1,57 
28 8 8.1 CAV   Galv. Steel 0,900 Circular 310 0,8 1 50   15 15     4,87 56,54 0,38 
29 8.1 8.10   DIF-21 Flexible 1,500 Circular 310 1,0     10 15 15     4,87 13,82 0,47 
30 8 9     Galv. Steel 0,900 Circular 210 2,5       20 20     1,86 0,70 1,57 
31 9 9.1 CAV   Galv. Steel 0,900 Circular 210 0,8 1 50   15 15     3,30 53,06 0,38 
32 9.1 9.10   DIF-22 Flexible 1,500 Circular 210 1,0     10 15 15     3,30 11,88 0,47 
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Table 31. AHU-02 Return air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2     Galv. Steel 0,900 Circular 4.570 7,0 3     50 50     6,47 31,01 11,00 
2 2 2.1     Galv. Steel 0,900 Circular 890 2,7 1     25 25     5,04 8,55 2,12 
3 2.1 2.10   RG01 Flexible 1,500 Circular 445 1,0     20 20 20     3,93 21,82 0,63 
4 2.1 2.2     Galv. Steel 0,900 Circular 445 7,0       25 25     2,52 2,59 5,50 
5 2.2 2.20   RG02 Flexible 1,500 Circular 445 1,0     20 20 20     3,93 21,82 0,63 
6 2 3     Galv. Steel 0,900 Circular 3.680 2,0       50 50     5,21 1,19 3,14 
7 3 3.1     Galv. Steel 0,900 Circular 370 2,0 1     20 20     3,27 3,68 1,26 
8 3.1 3.10   RG03 Flexible 1,500 Circular 370 1,0     20 20 20     3,27 21,30 0,63 
9 3 4     Galv. Steel 0,900 Circular 3.310 2,0       50 50     4,68 0,98 3,14 
10 4 4.1     Galv. Steel 0,900 Circular 890 2,7 1     25 25     5,04 8,55 2,12 
11 4.1 4.10   RG04 Flexible 1,500 Circular 445 1,0     20 20 20     3,93 21,82 0,63 
12 4.1 4.2     Galv. Steel 0,900 Circular 445 7,0       25 25     2,52 2,59 5,50 
13 4.2 4.20   RG05 Flexible 1,500 Circular 445 1,0     20 20 20     3,93 21,82 0,63 
14 4 4.30   RG06 Flexible 1,500 Circular 120 1,0     20 15 15     1,89 20,68 0,47 
15 4 5     Galv. Steel 0,900 Circular 2.300 4,0       35 35     6,64 5,73 4,40 
16 5 5.10   RG07 Flexible 1,500 Circular 110 1,0     20 15 15     1,73 20,58 0,47 
17 5 6     Galv. Steel 0,900 Circular 2.190 1,0       35 35     6,32 1,31 1,10 
18 6 6.1     Galv. Steel 0,900 Circular 815 2,0 1     25 25     4,61 6,44 1,57 
19 6.1 6.10   RG08 Flexible 1,500 Circular 445 1,0     20 20 20     3,93 21,82 0,63 
20 6.1 6.11   RG09 Flexible 1,500 Circular 370 1,0     20 20 20     3,27 21,30 0,63 
21 6 7     Galv. Steel 0,900 Circular 1.375 4,5 1     35 35     3,97 5,65 4,95 
22 7 7.1     Galv. Steel 0,900 Circular 410 1,0 1     20 20     3,63 3,54 0,63 
23 7.1 7.10   RG10 Flexible 1,500 Circular 410 1,0     20 20 20     3,63 21,57 0,63 
24 7 8     Galv. Steel 0,900 Circular 965 2,8       25 25     5,46 4,24 2,20 
25 8 8.1     Galv. Steel 0,900 Circular 310 1,0 1     15 15     4,87 6,99 0,47 
26 8.1 8.10   RG11 Flexible 1,500 Circular 310 1,0     20 15 15     4,87 23,82 0,47 
27 8 9     Galv. Steel 0,900 Circular 655 2,5       25 25     3,71 1,87 1,96 
28 9 9.1     Galv. Steel 0,900 Circular 210 1,0 1     15 15     3,30 3,29 0,47 
29 9.1 9.10   RG12 Flexible 1,500 Circular 210 1,0     20 15 15     3,30 21,88 0,47 
30 9 10     Galv. Steel 0,900 Circular 445 2,0       25 25     2,52 0,74 1,57 
31 10 10.1     Galv. Steel 0,900 Circular 445 2,5 1     20 20     3,93 5,80 1,57 
32 10.1 10.10   RG13 Flexible 1,500 Circular 445 1,0     20 20 20     3,93 21,82 0,63 
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Table 32. AHU-03 Supply air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2     Galv. Steel 0,900 Circular 4.850 5,0 1     50 50     6,86 14,24 7,85 
2 2 3 CAV   Galv. Steel 0,900 Circular 830 2,0 1 50   25 25     4,70 56,67 1,57 
3 3 3.1     Galv. Steel 0,900 Circular 415 1,2 1     20 20     3,67 3,82 0,75 
4 3.1 3.10   DIF-33 Flexible 1,500 Circular 415 1,0     10 20 20     3,67 11,61 0,63 
5 3 3.2     Galv. Steel 0,900 Circular 415 1,2 1     20 20     3,67 3,82 0,75 
6 3.2 3.20   DIF-34 Flexible 1,500 Circular 415 1,0     10 20 20     3,67 11,61 0,63 
7 2 4 CAV   Galv. Steel 0,900 Circular 980 2,0 1 50   25 25     5,55 59,20 1,57 
8 4 4.1     Galv. Steel 0,900 Circular 490 1,2 1     20 20     4,33 5,28 0,75 
9 4.1 4.10   DIF-35 Flexible 1,500 Circular 490 1,0     10 20 20     4,33 12,17 0,63 
10 4 4.2     Galv. Steel 0,900 Circular 490 1,2 1     20 20     4,33 5,28 0,75 
11 4.2 4.20   DIF-36 Flexible 1,500 Circular 490 1,0     10 20 20     4,33 12,17 0,63 
12 2 5 CAV   Galv. Steel 0,900 Circular 3.040 5,0   50   40 40     6,72 56,22 6,28 
13 5 5.1     Galv. Steel 0,900 Circular 507 2,0 1     20 20     4,48 6,74 1,26 
14 5.1 5.10   DIF-31 Flexible 1,500 Circular 507 1,0     10 20 20     4,48 12,31 0,63 
15 5 5.2     Galv. Steel 0,900 Circular 507 2,0 1     20 20     4,48 6,74 1,26 
16 5.2 5.20   DIF-32 Flexible 1,500 Circular 507 1,0     10 20 20     4,48 12,31 0,63 
17 5 6     Galv. Steel 0,900 Circular 2.027 4,0       40 40     4,48 2,38 5,03 
18 6 6.1     Galv. Steel 0,900 Circular 507 2,0 1     20 20     4,48 6,74 1,26 
19 6.1 6.10   DIF-29 Flexible 1,500 Circular 507 1,0     10 20 20     4,48 12,31 0,63 
20 6 6.2     Galv. Steel 0,900 Circular 507 2,0 1     20 20     4,48 6,74 1,26 
21 6.2 6.20   DIF-30 Flexible 1,500 Circular 507 1,0     10 20 20     4,48 12,31 0,63 
22 6 7     Galv. Steel 0,900 Circular 1.013 4,0       25 25     5,73 6,61 3,14 
23 7 7.1     Galv. Steel 0,900 Circular 507 2,0 1     20 20     4,48 6,74 1,26 
24 7.1 7.10   DIF-27 Flexible 1,500 Circular 507 1,0     10 20 20     4,48 12,31 0,63 
25 7 7.2     Galv. Steel 0,900 Circular 507 2,0 1     20 20     4,48 6,74 1,26 
26 7.2 7.20   DIF-28 Flexible 1,500 Circular 507 1,0     10 20 20     4,48 12,31 0,63 
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Table 33. AHU-03 Return air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2     Galv. Steel 0,900 Circular 4.850 7,0 2     50 50     6,86 25,53 11,00 
2 2 2.1     Galv. Steel 0,900 Circular 415 1,0 1     20 20     3,67 3,63 0,63 
3 2.1 2.10   RG01 Flexible 1,500 Circular 415 1,0     20 20 20     3,67 21,61 0,63 
4 2 3     Galv. Steel 0,900 Circular 4.435 3,0       50 50     6,27 2,51 4,71 
5 3 3.1     Galv. Steel 0,900 Circular 490 1,5 1   20 20 20     4,33 25,67 0,94 
6 3.1 3.10   RG02 Flexible 1,500 Circular 490 1,0       20 20     4,33 2,17 0,63 
7 3 4     Galv. Steel 0,900 Circular 3.945 5,0 1     50 50     5,58 9,55 7,85 
8 4 4.1     Galv. Steel 0,900 Circular 415 0,5 1     20 20     3,67 3,15 0,31 
9 4.1 4.10   RG03 Flexible 1,500 Circular 415 1,0     20 20 20     3,67 21,61 0,63 
10 4 4.2     Galv. Steel 0,900 Circular 490 3,0 1     20 20     4,33 7,63 1,88 
11 4.2 4.20   RG04 Flexible 1,500 Circular 490 1,0     20 20 20     4,33 22,17 0,63 
12 4 5     Galv. Steel 0,900 Circular 3.040 1,0       50 50     4,30 0,42 1,57 
13 5 5.1     Galv. Steel 0,900 Circular 507 3,5 1     20 20     4,48 8,82 2,20 
14 5.1 5.10   RG05 Flexible 1,500 Circular 507 1,0     20 20 20     4,48 22,31 0,63 
15 5 5.2     Galv. Steel 0,900 Circular 507 3,5 1     20 20     4,48 8,82 2,20 
16 5.2 5.20   RG06 Flexible 1,500 Circular 507 1,0     20 20 20     4,48 22,31 0,63 
17 5 6     Galv. Steel 0,900 Circular 2.027 4,5       40 40     4,48 2,68 5,65 
18 6 6.1     Galv. Steel 0,900 Circular 507 3,0 1     20 20     4,48 8,13 1,88 
19 6.1 6.10   RG07 Flexible 1,500 Circular 507 1,0     20 20 20     4,48 22,31 0,63 
20 6 6.2     Galv. Steel 0,900 Circular 507 3,0 1     20 20     4,48 8,13 1,88 
21 6.2 6.20   RG08 Flexible 1,500 Circular 507 1,0     20 20 20     4,48 22,31 0,63 
22 6 7     Galv. Steel 0,900 Circular 1.013 6,0       25 25     5,73 9,92 4,71 
23 7 7.1     Galv. Steel 0,900 Circular 507 3,0 1     20 20     4,48 8,13 1,88 
24 7.1 7.10   RG09 Flexible 1,500 Circular 507 1,0     20 20 20     4,48 22,31 0,63 
25 7 7.2     Galv. Steel 0,900 Circular 507 3,0 1     20 20     4,48 8,13 1,88 
26 7.2 7.20   RG10 Flexible 1,500 Circular 507 1,0     20 20 20     4,48 22,31 0,63 
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Table 34. AHU-04 Supply air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2     Galv. Steel 0,900 Circular 6.040 21,0 5     55 55     7,06 68,76 36,29 
2 2 2.1     Galv. Steel 0,900 Circular 454 1,0 1     20 20     4,01 4,32 0,63 
3 2.1 2.10   DIF-39 Flexible 1,500 Circular 454 1,0     10 20 20     4,01 11,89 0,63 
4 2 3     Galv. Steel 0,900 Circular 5.586 1,5       55 55     6,53 1,20 2,59 
5 3 4     Galv. Steel 0,900 Circular 1.698 2,0 1     30 30     6,67 12,30 1,88 
6 4 4.1 CAV   Galv. Steel 0,900 Circular 360 2,0 1 50   15 15     5,66 62,36 0,94 
7 4.1 4.10   DIF-44 Flexible 1,500 Circular 360 1,0     10 15 15     5,66 15,02 0,47 
8 4 5     Galv. Steel 0,900 Circular 1.338 1,0       30 30     5,26 1,13 0,94 
9 5 5.1     Galv. Steel 0,900 Circular 454 1,0 1     20 20     4,01 4,32 0,63 
10 5.1 5.10   DIF-38 Flexible 1,500 Circular 454 1,0     10 20 20     4,01 11,89 0,63 
11 5 6     Galv. Steel 0,900 Circular 884 1,5       25 25     5,00 1,93 1,18 
12 6 6.1 CAV   Galv. Steel 0,900 Circular 200 2,0 1 50   15 15     3,14 54,02 0,94 
13 6.1 6.10   DIF-43 Flexible 1,500 Circular 200 1,0     10 15 15     3,14 11,72 0,47 
14 6 7     Galv. Steel 0,900 Circular 684 2,5       25 25     3,87 2,02 1,96 
15 7 7.1     Galv. Steel 0,900 Circular 454 1,0 1     20 20     4,01 4,32 0,63 
16 7.1 7.10   DIF-37 Flexible 1,500 Circular 454 1,0     10 20 20     4,01 11,89 0,63 
17 7 7.2 CAV   Galv. Steel 0,900 Circular 230 2,0 1 50   15 15     3,62 55,25 0,94 
18 7.2 7.20   DIF-42 Flexible 1,500 Circular 230 1,0     10 15 15     3,62 12,22 0,47 
19 3 8     Galv. Steel 0,900 Circular 3.888 3,0       45 45     6,79 3,29 4,24 
20 8 8.1     Galv. Steel 0,900 Circular 454 1,0 1     20 20     4,01 4,32 0,63 
21 8.1 8.10   DIF-40 Flexible 1,500 Circular 454 1,0     10 20 20     4,01 11,89 0,63 
22 8 9     Galv. Steel 0,900 Circular 3.434 1,0       40 40     7,59 1,55 1,26 
23 9 9.1 CAV   Galv. Steel 0,900 Circular 2.980 1,5 1 50   40 40     6,59 60,39 1,88 
24 9.1 9.10   JN-01 Flexible 1,500 Circular 993 1,0     10 25 25     5,62 12,66 0,79 
25 9.1 9.2     Galv. Steel 0,900 Circular 1.987 3,5 1     40 40     4,39 5,83 4,40 
26 9.2 9.20   JN-02 Flexible 1,500 Circular 993 1,0     10 25 25     5,62 12,66 0,79 
27 9.2 9.3     Galv. Steel 0,900 Circular 993 3,5 1     40 40     2,20 1,52 4,40 
28 9.3 9.30   JN-03 Flexible 1,500 Circular 993 1,0     10 25 25     5,62 12,66 0,79 
29 9 10     Galv. Steel 0,900 Circular 454 3,5 1     20 20     4,01 7,16 2,20 
30 10 10.1     Galv. Steel 0,900 Circular 454 1,0       40 40     1,00 0,04 1,26 
31 10.1 10.10   DIF-41 Flexible 1,500 Circular 454 1,0     10 20 20     4,01 11,89 0,63 
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Table 35. AHU-04 Return air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2     Galv. Steel 0,900 Circular 5.810 18,0 3     55 55     6,79 42,89 31,10 
2 2 2.1     Galv. Steel 0,900 Circular 378 1,0 1     20 20     3,35 3,03 0,63 
3 2.1 2.10   RG01 Flexible 1,500 Circular 378 1,0     20 20 20     3,35 21,36 0,63 
4 2 2.2     Galv. Steel 0,900 Circular 378 9,0 1     20 20     3,35 9,54 5,65 
4 2.2 2.20   RG02 Flexible 1,500 Circular 378 1,0     20 20 20     3,35 21,36 0,63 
5 2 3     Galv. Steel 0,900 Circular 5.053 3,0       55 55     5,91 2,00 5,18 
6 3 3.1     Galv. Steel 0,900 Circular 378 1,0 1     20 20     3,35 3,03 0,63 
7 3.1 3.10   RG03 Flexible 1,500 Circular 378 1,0     20 20 20     3,35 21,36 0,63 
8 3 4     Galv. Steel 0,900 Circular 4.675 2,0       55 55     5,47 1,16 3,46 
9 4 4.1     Galv. Steel 0,900 Circular 560 4,0 1     20 20     4,95 11,50 2,51 
10 4.1 4.10   RG04 Flexible 1,500 Circular 360 1,0     20 20 20     3,18 21,24 0,63 
11 4.1 4.2     Galv. Steel 0,900 Circular 200 2,2       15 15     3,14 2,27 1,04 
12 4.2 4.20   RG05 Flexible 1,500 Circular 200 1,0     20 15 15     3,14 21,72 0,47 
13 4 5     Galv. Steel 0,900 Circular 4.115 3,0       45 45     7,19 3,65 4,24 
14 5 5.1     Galv. Steel 0,900 Circular 378 1,0 1     20 20     3,35 3,03 0,63 
15 5.1 5.10   RG06 Flexible 1,500 Circular 378 1,0     20 20 20     3,35 21,36 0,63 
16 5 6     Galv. Steel 0,900 Circular 3.737 3,0       45 45     6,53 3,06 4,24 
17 6 6.1     Galv. Steel 0,900 Circular 378 5,0 1     20 20     3,35 6,29 3,14 
18 6.1 6.10   RG07 Flexible 1,500 Circular 378 1,0     20 20 20     3,35 21,36 0,63 
19 6 7     Galv. Steel 0,900 Circular 3.358 1,5 1     45 45     5,87 8,07 2,12 
20 7 7.1     Galv. Steel 0,900 Circular 378 1,0       20 20     3,35 0,81 0,63 
21 7.1 7.10   RG08 Flexible 1,500 Circular 378 1,0     20 20 20     3,35 21,36 0,63 
22 7 7.2     Galv. Steel 0,900 Circular 2.980 1,0       45 45     5,20 0,68 1,41 
23 7.2 7.20   RG09 Flexible 1,500 Circular 993 1,0     20 25 25     5,62 22,66 0,79 
24 7.2 7.3     Galv. Steel 0,900 Circular 1.987 3,5       45 45     3,47 1,13 4,95 
25 7.3 7.30   RG10 Flexible 1,500 Circular 993 1,0     20 25 25     5,62 22,66 0,79 
26 7.3 7.4     Galv. Steel 0,900 Circular 993 3,5       45 45     1,73 0,32 4,95 
27 7.4 7.40   RG11 Flexible 1,500 Circular 993 1,0     20 25 25     5,62 22,66 0,79 
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Table 36. AHU-05 Supply air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2 SIL   Galv. Steel 0,900 Rectang. 7.310     60   58   60 50 6,77 60,00 0,00 
2 2 3 CAV   Galv. Steel 0,900 Circular 280 10,0 4 50   17 15     4,40 84,39 4,71 
3 3 3.1   FIL-01 Flexible 1,500 Circular 280 0,5     500 19 15     4,40 501,59 0,24 
4 2 4 CAV   Galv. Steel 0,900 Circular 190 3,0 2 50   15 15     2,99 56,35 1,41 
5 4 4.1   FIL-04 Flexible 1,500 Circular 190 0,5     500 16 15     2,99 500,78 0,24 
6 2 5 CAV   Galv. Steel 0,900 Circular 1.120 6,0 2 50   29 25     6,34 77,81 4,71 
7 5 5.1   FIL-02 Flexible 1,500 Circular 560 1,0     500 25 20     4,95 502,77 0,63 
8 5 6     Galv. Steel 0,900 Circular 560 6,0 1     22 20     4,95 14,83 3,77 
9 6 6.1   FIL-03 Flexible 1,500 Circular 560 1,0     500 25 20     4,95 502,77 0,63 
10 2 7 CAV   Galv. Steel 0,900 Circular 920 2,0 2 50   27 20     8,13 84,41 1,26 
11 7 7.1   FIL-06 Flexible 1,500 Circular 920 0,5     500 30 20     8,13 503,42 0,31 
12 2 8 CAV   Galv. Steel 0,900 Circular 240 4,5 3 50   16 15     3,77 64,93 2,12 
13 8 8.1   FIL-05 Flexible 1,500 Circular 240 0,5     500 18 15     3,77 501,20 0,24 
14 2 9 CAV   Galv. Steel 0,900 Circular 190 6,5 3 50   15 15     2,99 61,41 3,06 
15 9 9.1   FIL-07 Flexible 1,500 Circular 190 0,5     500 16 15     2,99 500,78 0,24 
16 2 10 CAV   Galv. Steel 0,900 Circular 240 8,5 3 50   16 15     3,77 70,69 4,01 
17 10 10.1   FIL-08 Flexible 1,500 Circular 240 0,5     500 18 15     3,77 501,20 0,24 
18 2 11 CAV   Galv. Steel 0,900 Circular 180 9,5 3 50   15 15     2,83 62,85 4,48 
19 11 11.1   FIL-10 Flexible 1,500 Circular 180 0,5     500 16 15     2,83 500,71 0,24 
20 2 12 CAV   Galv. Steel 0,900 Circular 220 10,5 3 50   16 15     3,46 70,00 4,95 
21 12 12.1   FIL-11 Flexible 1,500 Circular 220 0,5     500 17 15     3,46 501,02 0,24 
22 2 13 CAV   Galv. Steel 0,900 Circular 2.510 8,5 3 50   39 35     7,25 95,47 9,35 
23 13 13.1   FIL-14 Flexible 1,500 Circular 1.255 1,0     500 33 25     7,10 504,07 0,79 
24 13 14     Galv. Steel 0,900 Circular 1.255 4,0 2     30 25     7,10 29,73 3,14 
25 14 14.1   FIL-13 Flexible 1,500 Circular 1.255 1,0     500 33 25     7,10 504,07 0,79 
26 2 15 CAV   Galv. Steel 0,900 Circular 540   2 50   22 20     4,77 59,03 0,00 
27 15 15.1   FIL-09 Flexible 1,500 Circular 540 0,5     500 24 20     4,77 501,30 0,31 
28 2 16 CAV   Galv. Steel 0,900 Circular 680   2 50   24 20     6,01 64,32 0,00 
29 16 16.1   FIL-12 Flexible 1,500 Circular 680 0,5     500 27 20     6,01 501,97 0,31 
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Table 37. AHU-06 Supply air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2 SIL   Galv. Steel 0,900 Rectang. 29.290 8,0 3 60   120   110 110 6,72 105,22 35,20 
2 2 3 CAV   Galv. Steel 0,900 Circular 3.045 3,0 1 50   45 45     5,32 57,71 4,24 
3 2 2.1   LAF Galv. Steel 0,900 Circular 3.045 3,0 1   500 45 45     5,32 507,71 4,24 
4 3 3.1     Galv. Steel 0,900 Circular 1.523 2,0 1     35 35     4,40 5,18 2,20 
5 3.1 3.2   FIL-28 Flexible 1,500 Circular 1.523 1,5     500 35 35     4,40 501,69 1,65 
6 3 3.3     Galv. Steel 0,900 Circular 1.523 2,0 1     35 35     4,40 5,18 2,20 
7 3.3 3.4   FIL-29 Flexible 1,500 Circular 1.523 1,5     500 35 35     4,40 501,69 1,65 
8 2 4 CAV   Galv. Steel 0,900 Rectang. 7.090 5,0 1 50   66   60 60 5,47 61,95 12,00 
9 4 4.1     Galv. Steel 0,900 Circular 1.773 1,5 1     35 35     5,12 6,52 1,65 
10 4.1 4.2   FIL-30 Flexible 1,500 Circular 1.773 1,5     500 35 35     5,12 502,23 1,65 
11 4 4.3     Galv. Steel 0,900 Circular 1.773 1,5 1     35 35     5,12 6,52 1,65 
12 4.3 4.4   FIL-32 Flexible 1,500 Circular 1.773 1,5     500 35 35     5,12 502,23 1,65 
13 4 4.5     Galv. Steel 0,900 Rectang. 3.545 3,5       53   60 40 4,10 1,42 7,00 
14 4.5 4.6     Galv. Steel 0,900 Circular 1.773 1,5 1     35 35     5,12 6,52 1,65 
15 4.6 4.7   FIL-31 Flexible 1,500 Circular 1.773 1,5     500 35 35     5,12 502,23 1,65 
15 4.5 4.8     Galv. Steel 0,900 Circular 1.773 1,5 1     35 35     5,12 6,52 1,65 
16 4.8 4.9   FIL-33 Flexible 1,500 Circular 1.773 1,5     500 35 35     5,12 502,23 1,65 
17 2 5     Galv. Steel 0,900 Rectang. 16.110 5,0 1     93   90 80 6,22 14,21 17,00 
18 5 6     Galv. Steel 0,900 Rectang. 2.530 3,0 1     38   35 35 5,74 13,56 4,20 
19 6 6.1 CAV   Galv. Steel 0,900 Circular 310 2,0 1 50   15 15     4,87 59,29 0,94 
20 6.1 6.2   FIL-16 Flexible 1,500 Circular 310 1,5     500 15 15     4,87 505,73 0,71 
21 6 6.3 CAV   Galv. Steel 0,900 Circular 210 4,0 1 50   15 15     3,30 56,67 1,88 
22 6.3 6.4   FIL-18 Flexible 1,500 Circular 210 1,5     500 15 15     3,30 502,82 0,71 
23 6 6.5 CAV   Galv. Steel 0,900 Circular 310 2,0 1 50   15 15     4,87 59,29 0,94 
24 6.5 6.6   FIL-15 Flexible 1,500 Circular 310 1,5     500 15 15     4,87 505,73 0,71 
25 6 6.7 CAV   Galv. Steel 0,900 Circular 220 4,0 1 50   15 15     3,46 57,28 1,88 
26 6.7 6.8   FIL-17 Flexible 1,500 Circular 220 1,5     500 15 15     3,46 503,07 0,71 
27 6 6.9   FIL-19 Flexible 1,500 Circular 1.480 1,5     500 35 35     4,27 501,61 1,65 
28 5 7     Galv. Steel 0,900 Rectang. 13.580 1,0 1     80   90 60 6,99 15,88 3,00 
29 7 7.1 CAV   Galv. Steel 0,900 Circular 830 3,0 1 50   25 25     4,70 57,82 2,36 
30 7.1 7.2   FIL-22 Flexible 1,500 Circular 830 1,5     500 25 25     4,70 502,87 1,18 
31 7 8     Galv. Steel 0,900 Rectang. 12.750 4,0       80   90 60 6,56 2,32 12,00 
32 8 8.1 CAV   Galv. Steel 0,900 Circular 2.830 3,0 2 50   45 45     4,94 61,52 4,24 
33 8.1 8.2   FIL-23 Flexible 1,500 Circular 1.415 1,5     500 35 35     4,09 501,48 1,65 
34 8.1 8.3   FIL-24 Flexible 1,500 Circular 1.415 1,5     500 35 35     4,09 501,48 1,65 
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Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2 SIL   Galv. Steel 0,900 Rectang. 29.290 8,0 3 60   120   110 110 6,72 105,22 35,20 
2 2 3 CAV   Galv. Steel 0,900 Circular 3.045 3,0 1 50   45 45     5,32 57,71 4,24 
3 2 2.1   LAF Galv. Steel 0,900 Circular 3.045 3,0 1   500 45 45     5,32 507,71 4,24 
4 3 3.1     Galv. Steel 0,900 Circular 1.523 2,0 1     35 35     4,40 5,18 2,20 
35 8 8.4   FIL-20 Flexible 1,500 Circular 1.480 1,5     500 35 35     4,27 501,61 1,65 
36 8 9     Galv. Steel 0,900 Rectang. 8.440 3,5       71   70 60 5,58 1,73 9,10 
37 9 9.1 CAV   Galv. Steel 0,900 Circular 350 4,0 2 50   20 20     3,09 56,62 2,51 
38 9.1 9.2   FIL-25 Flexible 1,500 Circular 350 1,5     500 20 20     3,09 501,77 0,94 
39 9 9.3 CAV   Galv. Steel 0,900 Circular 400 2,0 1 50   20 20     3,54 54,28 1,26 
40 9.3 9.4   FIL-26 Flexible 1,500 Circular 400 1,5 1   500 20 20     3,54 504,73 0,94 
41 9 10     Galv. Steel 0,900 Rectang. 7.690 5,0 2     66   60 60 5,93 24,99 12,00 
42 10 10.1 CAV   Galv. Steel 0,900 Circular 680 4,0 1 50   25 25     3,85 56,13 3,14 
43 10.1 10.2   FIL-27 Flexible 1,500 Circular 680 1,5     500 25 25     3,85 502,00 1,18 
44 10 10.3     Galv. Steel 0,900 Circular 1.480 2,0 1     35 35     4,27 4,90 2,20 
45 10.3 10.4   FIL-21 Flexible 1,500 Circular 1.480 1,5     500 35 35     4,27 501,61 1,65 
46 10 11     Galv. Steel 0,900 Rectang. 5.530 2,0 1     53   60 40 6,40 14,60 4,00 
47 11 11.1 CAV   Galv. Steel 0,900 Circular 420 5,0 2     20 20     3,71 10,38 3,14 
48 11.1 11.2   FIL-35 Flexible 1,500 Circular 420 1,5     500 20 20     3,71 502,46 0,94 
49 11 11.3 CAV   Galv. Steel 0,900 Circular 1.220 1,5 1     35 35     3,52 3,13 1,65 
50 11.3 11.4   FIL-34 Flexible 1,500 Circular 1.220 1,5     500 35 35     3,52 501,13 1,65 
51 11 12 CAV   Galv. Steel 0,900 Rectang. 3.890 3,0 1 50   49   50 40 5,40 61,31 5,40 
52 12 12.1     Galv. Steel 0,900 Rectang. 3.890 1,0 1     49   50 40 5,40 9,84 1,80 
53 12.1 12.2   FIL-36 Flexible 1,500 Circular 1.945 1,5     500 40 40     4,30 501,38 1,88 
54 12.1 12.3     Galv. Steel 0,900 Rectang. 1.945 3,0 1     49   50 40 2,70 2,90 5,40 
55 12.3 12.4   FIL-37 Flexible 1,500 Circular 1.945 1,5     500 40 40     4,30 501,38 1,88 
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Table 38. AHU-06 Return air duct sizing 
Section Nodes Regul.  Room Material α Shape Airflow Length Elbow Other Diffuser Dh Ø Width Height Vel. ∆P A 
  First Final Elem. Diffuser   (adim.)   m³/h m Nº Pa Pa cm cm cm cm m/s Pa m2 
1 1 2     Galv. Steel 0,900 Rectang. 29.160 18,0 2     120   110 110 6,69 34,43 79,20 
2 2 2.1     Galv. Steel 0,900 Rectang. 3.000 2,0 1     55   50 50 3,33 4,00 4,00 
3 2.1 2.2 VAV   Galv. Steel 0,900 Circular 1.500 2,0 1 50   35 35     4,33 55,03 2,20 
4 2.2 2.20   RG01 Flexible 1,500 Circular 1.500 1,0     20 35 35     4,33 21,10 1,10 
5 2.1 2.4     Galv. Steel 0,900 Circular 1.500 3,5 1     35 35     4,33 6,02 3,85 
6 2.4 2.40   RG02 Flexible 1,500 Circular 1.500 1,0     20 35 35     4,33 21,10 1,10 
7 2 2.5 VAV   Galv. Steel 0,900 Circular 2.670 1,0   50   40 40     5,90 50,98 1,26 
8 2 3     Galv. Steel 0,900 Rectang. 23.490 2,0       120   110 110 5,39 0,49 8,80 
9 3 3.1     Galv. Steel 0,900 Circular 1.390 2,0 1     30 30     5,46 8,33 1,88 
10 3.1 3.10   RG03 Flexible 1,500 Circular 1.390 1,0     20 30 30     5,46 22,02 0,94 
11 3 4     Galv. Steel 0,900 Rectang. 22.100 1,5       120   110 110 5,07 0,33 6,60 
12 4 5     Galv. Steel 0,900 Circular 890 2,5 1     30 30     3,50 3,77 2,36 
13 5 5.1 VAV   Galv. Steel 0,900 Circular 340 3,0 1 50   15 15     5,34 63,79 1,41 
14 5.1 5.10   RG04 Flexible 1,500 Circular 170 1,0     20 15 15     2,67 21,28 0,47 
15 5.1 5.2     Galv. Steel 0,900 Circular 170 3,5 3     15 15     2,67 6,93 1,65 
16 5.2 5.20   RG05 Flexible 1,500 Circular 170 1,0     20 15 15     2,67 21,28 0,47 
17 5 5.3 VAV   Galv. Steel 0,900 Circular 260 1,5 1 50   15 15     4,09 55,80 0,71 
18 5.3 5.30   RG06 Flexible 1,500 Circular 130 1,0     20 15 15     2,04 20,79 0,47 
19 5.3 5.4     Galv. Steel 0,900 Circular 130 2,0 3     15 15     2,04 3,42 0,94 
20 5.4 5.40   RG07 Flexible 1,500 Circular 130 1,0     20 15 15     2,04 20,79 0,47 
21 5 5.5 VAV   Galv. Steel 0,900 Circular 220 3,0 1 50   15 15     3,46 56,05 1,41 
22 5.5 5.50   RG08 Flexible 1,500 Circular 110 1,0     20 15 15     1,73 20,58 0,47 
23 5.5 5.6     Galv. Steel 0,900 Circular 110 3,5 3     15 15     1,73 2,99 1,65 
24 5.6 5.60   RG09 Flexible 1,500 Circular 110 1,0     20 15 15     1,73 20,58 0,47 
25 5 5.7 VAV   Galv. Steel 0,900 Circular 70 1,5 1 50   15 15     1,10 50,47 0,71 
26 5.7 5.70   RG10 Flexible 1,500 Circular 35 1,0     20 15 15     0,55 20,07 0,47 
27 5.7 5.8     Galv. Steel 0,900 Circular 35 2,0 3     15 15     0,55 0,27 0,94 
28 5.8 5.80   RG11 Flexible 1,500 Circular 35 1,0     20 15 15     0,55 20,07 0,47 
29 4 6     Galv. Steel 0,900 Rectang. 21.210 2,0 1     98   90 90 7,27 17,58 7,20 
30 6 6.1 VAV   Galv. Steel 0,900 Circular 1.040 1,0 1 50   30 30     4,09 54,02 0,94 
31 6.1 6.2     Galv. Steel 0,900 Circular 260 1,5 1     15 15     4,09 5,80 0,71 
32 6.2 6.20   RG12 Flexible 1,500 Circular 260 1,0     20 15 15     4,09 22,77 0,47 
33 6.1 6.3     Galv. Steel 0,900 Circular 260 2,0 3     15 15     4,09 13,25 0,94 
34 6.3 6.30   RG13 Flexible 1,500 Circular 260 1,0     20 15 15     4,09 22,77 0,47 
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10.2. Total pressure drop 
Pressure drop for fan is calculated by means of the longest run with fittings and 
accessories. The fan requires to supply a pressure drop major than the 
calculated one.  
Table 39. AHU system total pressure drop 
AHU-01 Supply 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
DIF-11   1-2-2.1-2.2-2.20 5,0 2 87 44,2 
DIF-10   1-2-2.1-2.3-2.30 8,0 2 91 39,5 
DIF-09   1-2-3-3.1-3.2-3.20 14,0 3 98 33,1 
DIF-08   1-2-3-3.1-3.3-3.30 14,0 3 98 33,1 
DIF-03   1-2-3-3.40 10,0 2 33 97,9 
DIF-06   1-2-3-4-4.1-4.10 17,5 3 96 34,5 
DIF-02   1-2-3-4-4.20 13,5 3 39 91,8 
DIF-07   1-2-3-4-5-5.1-5.10 15,5 4 93 37,9 
DIF-01   1-2-3-4-5-6-6.10 18,0 5 67 63,8 
DIF-04   1-2-3-4-5-6-7-7.1-7.10 23,0 6 127 4,3 
DIF-05   1-2-3-4-5-6-7-7.2-7.20 23,0 6 131 0,0 
 
AHU-01 Return 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
RG01   1-2-2.1-2.10 10,0 1 52 37,8 
RG02   1-2-2.2-2.20 10,5 1 50 39,3 
RG03   1-2-3-3.1-3.10 12,0 2 60 29,5 
RG04   1-2-3-3.2-3.20 16,0 3 65 24,9 
RG05   1-2-3-3.2-3.21 16,0 3 66 23,3 
RG06   1-2-3-4-4.1-4.10 22,5 4 78 11,2 
RG07   1-2-3-4-4.1-4.11 22,5 4 75 14,1 
RG08   1-2-3-4-5-5.1-5.10 21,7 4 64 25,4 
RG09   1-2-3-4-5-5.2-5.20 21,7 4 71 19,0 
RG10   1-2-3-4-5-6-6.1-6.10 28,2 5 90 0,0 
RG11   1-2-3-4-5-6-6.2-6.20 28,2 5 86 4,0 
 
AHU-02 Supply 
Name Nodes Length Junction ∆P ∆P eq 
 
  m Nº Pa Pa 
DIF-23 1-2-2.1-2.2-2.20 12,2 2 106 16,2 
DIF-25 1-2-2.1-2.3-2.30 12,2 2 106 16,2 
DIF-24 1-2-2.1-2.4-2.5-2.50 15,4 3 112 10,1 
DIF-26 1-2-2.1-2.4-2.6-2.60 15,4 3 112 10,1 
DIF-17 1-2-3-3.1-3.10 10,5 2 81 41,2 
DIF-18 1-2-3-4-4.1-4.10 9,0 3 91 31,7 
DIF-14 1-2-3-4-5-5.1-5.10 12,5 4 86 36,0 
DIF-19 1-2-3-4-5-6-6.1-6.10 14,0 5 104 18,5 
DIF-20 1-2-3-4-5-6-7-7.1-7.10 15,3 6 121 1,4 
DIF-21 
 
1-2-3-4-5-6-7-8-8.1-8.10 17,8 7 122 0,0 
DIF-22 1-2-3-4-5-6-7-8-9-9.1-9.10 20,3 7 116 6,5 
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AHU-02 Return 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
RG01   1-2-2.1-2.10 10,7 2 65 34,1 
RG02   1-2-2.1-2.2-2.20 17,7 2 67 32,3 
RG03   1-2-3-3.1-3.10 12,0 2 61 38,6 
RG04   1-2-3-4-4.1-4.10 14,7 4 72 27,5 
RG05   1-2-3-4-4.1-4.2-4.20 21,7 4 73 25,7 
RG06   1-2-3-4-4.30 12,0 3 59 40,5 
RG07   1-2-3-4-5-5.10 16,0 4 68 31,0 
RG08   1-2-3-4-5-6-6.1-6.10 19,0 6 84 15,4 
RG09   1-2-3-4-5-6-6.1-6.11 19,0 6 83 16,3 
RG10   1-2-3-4-5-6-7-7.1-7.10 22,5 6 86 13,6 
RG11   1-2-3-4-5-6-7-8-8.1-8.10 25,3 7 99 0,0 
RG12   1-2-3-4-5-6-7-8-9-9.1-9.10 27,8 8 95 3,7 
RG13   1-2-3-4-5-6-7-8-9-10-10.1-10.10 31,3 8 98 0,9 
 
AHU-03 Supply 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
DIF-33   1-2-3-3.1-3.10 9,2 2 90 19,6 
DIF-34   1-2-3-3.2-3.20 9,2 2 90 19,6 
DIF-35   1-2-4-4.1-4.10 9,2 2 95 13,8 
DIF-36   1-2-4-4.2-4.20 9,2 2 95 13,8 
DIF-31   1-2-5-5.1-5.10 13,0 2 95 13,8 
DIF-32   1-2-5-5.2-5.20 13,0 2 95 13,8 
DIF-29   1-2-5-6-6.1-6.10 17,0 3 100 9,6 
DIF-30   1-2-5-6-6.2-6.20 17,0 3 100 9,6 
DIF-27   1-2-5-6-7-7.1-7.10 21,0 4 109 0,0 
DIF-28   1-2-5-6-7-7.2-7.20 21,0 4 109 0,0 
 
AHU-03 Return 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
RG01   1-2-2.1-2.10 9,0 1 52 43,6 
RG02   1-2-3-3.1-3.10 12,5 2 61 34,5 
RG03   1-2-3-4-4.1-4.10 16,5 3 70 25,7 
RG04   1-2-3-4-4.2-4.20 19,0 3 75 20,2 
RG05   1-2-3-4-5-5.1-5.10 20,5 4 79 16,7 
RG06   1-2-3-4-5-5.2-5.20 20,5 4 79 16,7 
RG07   1-2-3-4-5-6-6.1-6.10 24,5 5 83 12,9 
RG08   1-2-3-4-5-6-6.2-6.20 24,5 5 83 12,9 
RG09   1-2-3-4-5-6-7-7.1-7.10 30,5 6 96 0,0 
RG10   1-2-3-4-5-6-7-7.2-7.20 30,5 6 96 0,0 
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AHU-04 Supply 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
DIF-39   1-2-2.1-2.10 23,0 1 86 88,9 
DIF-44   1-2-3-4-4.1-4.10 27,5 3 170 5,0 
DIF-38   1-2-3-4-5-5.1-5.10 27,5 4 111 63,9 
DIF-43   1-2-3-4-5-6-6.1-6.10 30,0 5 165 10,8 
DIF-37   1-2-3-4-5-6-7-7.1-7.10 31,5 6 119 56,4 
DIF-42   1-2-3-4-5-6-7-7.2-7.20 32,5 6 170 5,4 
DIF-40   1-2-3-8-8.1-8.10 27,5 3 99 76,4 
JN-01   1-2-3-8-9-9.1-9.10 29,0 5 168 7,6 
JN-02   1-2-3-8-9-9.1-9.2-9.20 32,5 6 175 0,0 
JN-03   1-2-3-8-9-9.1-9.2-9.3-9.30 36,0 6 174 0,9 
DIF-41   1-2-3-8-9-10-10.1-10.10 32,0 4 109 66,8 
 
AHU-04 Return 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
RG01   1-2-2.1-2.10 20,0 1 68 40,8 
RG02   1-2-2.2-2.20 28,0 1 75 34,3 
RG03   1-2-3-3.1-3.10 23,0 2 73 35,7 
RG04   1-2-3-4-4.1-4.10 28,0 4 88 21,3 
RG05   1-2-3-4-4.1-4.2-4.20 30,2 4 90 18,6 
RG06   1-2-3-4-5-5.1-5.10 28,0 4 86 23,5 
RG07   1-2-3-4-5-6-6.1-6.10 35,0 5 96 13,4 
RG08   1-2-3-4-5-6-7-7.1-7.10 32,5 6 101 7,7 
RG09   1-2-3-4-5-6-7-7.2-7.20 32,5 7 107 2,2 
RG10   1-2-3-4-5-6-7-7.2-7.3-7.30 36,0 8 109 0,0 
RG11   1-2-3-4-5-6-7-7.2-7.3-7.4-7.40 39,5 8 107 2,3 
 
AHU-05 Supply 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
FIL-01   1-2-3-3.1 10,5 1 648 50,8 
FIL-04   1-2-4-4.1 3,5 1 618 80,6 
FIL-02   1-2-5-5.1 7,0 2 646 52,1 
FIL-03   1-2-5-6-6.1 13,0 2 661 37,3 
FIL-06   1-2-7-7.1 2,5 1 654 44,8 
FIL-05   1-2-8-8.1 5,0 1 627 71,1 
FIL-07   1-2-9-9.1 7,0 1 623 75,5 
FIL-08   1-2-10-10.1 9,0 1 633 65,4 
FIL-10   1-2-11-11.1 10,0 1 624 74,3 
FIL-11   1-2-12-12.1 11,0 1 632 66,4 
FIL-14   1-2-13-13.1 9,5 2 669 29,7 
FIL-13   1-2-13-14-14.1 13,5 2 699 0,0 
FIL-09   1-2-15-15.1 0,5 1 622 76,2 
FIL-12   1-2-16-16.1 0,5 1 630 69,0 
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AHU-06 Supply 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
LAF   1-2-2.1 11,0 1 615 163,6 
FIL-28   1-2-3-3.1-3.2 14,5 2 674 105,0 
FIL-29   1-2-3-3.3-3.4 14,5 2 674 105,0 
FIL-30   1-2-4-4.1-4.2 16,0 2 681 98,1 
FIL-32   1-2-4-4.3-4.4 16,0 2 681 98,1 
FIL-31   1-2-4-4.5-4.6-4.7 19,5 3 684 95,2 
FIL-33   1-2-4-4.5-4.8-4.9 19,5 3 684 95,2 
FIL-16   1-2-5-6-6.1-6.2 19,5 3 707 72,5 
FIL-18   1-2-5-6-6.3-6.4 21,5 3 700 79,2 
FIL-15   1-2-5-6-6.5-6.6 19,5 3 707 72,5 
FIL-17   1-2-5-6-6.7-6.8 21,5 3 701 78,2 
FIL-19   1-2-5-6-6.9 17,5 3 643 136,4 
FIL-22   1-2-5-7-7.1-7.2 18,5 3 706 73,2 
FIL-23   1-2-5-7-8-8.1-8.2 22,5 5 716 63,0 
FIL-24   1-2-5-7-8-8.1-8.3 22,5 5 716 63,0 
FIL-20   1-2-5-7-8-8.4 19,5 4 653 126,5 
FIL-25   1-2-5-7-8-9-9.1-9.2 27,0 5 713 65,9 
FIL-26   1-2-5-7-8-9-9.3-9.4 25,0 5 714 65,0 
FIL-27   1-2-5-7-8-9-10-10.1-10.2 32,0 6 742 37,5 
FIL-21   1-2-5-7-8-9-10-10.3-10.4 30,0 6 690 88,9 
FIL-35   1-2-5-7-8-9-10-11-11.1-11.2 35,0 7 714 64,6 
FIL-34   1-2-5-7-8-9-10-11-11.3-11.4 31,5 7 706 73,3 
FIL-36   1-2-5-7-8-9-10-11-12-12.1-12.2 34,0 8 777 1,9 
FIL-37   1-2-5-7-8-9-10-11-12-12.1-12.3-12.4 37,0 8 779 0,0 
 
AHU-06 Return 
Name Nodes Length Junction ∆P ∆P eq 
    m Nº Pa Pa 
RG01   1-2-2.1-2.2-2.20 23,0 2 117 71,9 
RG02   1-2-2.1-2.4-2.40 24,5 2 68 120,9 
RG03   1-2-3-3.1-3.10 23,0 2 71 118,5 
RG04   1-2-3-4-5-5.1-5.10 28,0 5 133 55,8 
RG05   1-2-3-4-5-5.1-5.2-5.20 31,5 5 140 48,9 
RG06   1-2-3-4-5-5.3-5.30 26,5 5 124 65,6 
RG07   1-2-3-4-5-5.3-5.4-5.40 28,5 5 127 62,2 
RG08   1-2-3-4-5-5.5-5.50 28,0 5 123 66,1 
RG09   1-2-3-4-5-5.5-5.6-5.60 31,5 5 126 63,1 
RG10   1-2-3-4-5-5.7-5.70 26,5 5 116 73,4 
RG11   1-2-3-4-5-5.7-5.8-5.80 28,5 5 116 73,1 
RG12   1-2-3-4-6-6.1-6.2-6.20 27,0 5 148 41,0 
RG13   1-2-3-4-6-6.1-6.3-6.30 27,5 5 156 33,6 
RG14   1-2-3-4-6-6.1-6.4-6.5-6.50 29,0 6 156 33,2 
RG15   1-2-3-4-6-6.1-6.4-6.6-6.60 29,0 6 149 39,8 
RG16   1-2-3-4-6-7-7.1-7.10 27,5 6 178 11,6 
RG17   1-2-3-4-6-7-7.1-7.11 27,5 6 180 9,1 
RG18   1-2-3-4-6-7-7.1-7.2-7.20 32,5 6 189 0,0 
RG19   1-2-3-4-6-7-8-8.1-8.2-8.20 29,0 6 171 18,6 
RG20   1-2-3-4-6-7-8-8.1-8.3-8.30 29,5 6 178 11,3 
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11. Hydraulic water system 
11.1. Cooling plant sizing 
The use of low freezing point mixtures causes a modification in the main 
thermodynamic properties of the units. The major parameters affected by the use 
of glycol mixtures are the following: 
- Cooling capacity 
- Power input 
- Mixture flow 
- Pressure drop 
In the table below is reported correction factors referred to the most common 
ethylene glycol mixtures: 
Table 40. Correction factors for ethylene glycol mixtures 
 
 
Cooling plant sizing is the selection of chiller output capacity to meet connected 
load. The chiller gross output is the rate of cooling delivered by the chiller unit to 
the system (connected equipment) under continuous firing at rated input. 
Table 41. Total system cooling power 
Equipment Cooling power 
  kW 
 AHU-01 13,9 
 AHU-02 19,3 
 AHU-03 20,0 
 AHU-04 24,8 
 AHU-05 41,6 
 AHU-06 166,7 
TOTAL 286,3 
 
The basis equation to calculate water flow by means of Cooling Load capacity is: 
  3600  &EF  ∆(  3600  286,3 g4,18 h
e$
 5 
 49.314 i/[ 
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Adding a percent of 40% of ethylene glycol in the chilled water system, previous 
parameters assume new values, according to correction factors of Table 23. 
- Cooling capacity 286,3 x 0,966 = 276,6 kW 
- Mixture flow  49.314 x 1,140 = 56.217 l/h 
 
11.2. Boiler sizing 
Boiler sizing is the selection of boiler output capacity to meet connected load. The 
boiler gross output is the rate of heat delivered by the boiler to the system 
(connected equipment) under continuous firing at rated input. 
Table 42. Total system heating power 
Equipment Heating power 
  kW 
 AHU-01  12,6 
 AHU-02 15,2 
 AHU-03 15,7 
 AHU-04 19,5 
 AHU-05 63,0 
 AHU-06 252,4 
FC-01 4,1 
 FC-02  7,7 
TOTAL 390,2 
 
Net rating is gross output minus a fixed percentage to allow for an estimated 
average piping heat loss, plus an added load for initially heating up the water in a 
system (pickup). This piping and pickup factor is considered 1.15 for water 
boilers. 
Considering an output efficiency of 93%, input boiler capacity should be: 
<  cj  390,293  419,5 k 420 g 
Minimum output efficiency is established by RITE (I.T. 4.9.1.) as it follows: 
j l 84 + 2imn< 
j l 84 + 2imn420 
j l 89,2% 
The basis equation to calculate heating water flow through the heat exchanger is: 
  3600 
&
EF  ∆(
 3600 
390,2 g
4,18 
h
e$
 15 
 22.404 i/[ 
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11.3. Pipe sizing 
To determine diameter of water pipes, charts calculated from Darcy-Weisbach 
equation with friction factor from Moody charts are fundamental. These charts 
provide easy determination of pressure drops for specific fluids and pipe 
standards.  
Following chart (Figure 4) is according to a carbon steel pipe; the Reynolds 
numbers represented on the chart are in turbulent flow regime. Chart for water is 
calculated for properties at 15ºC. Using these for hot water introduces some error 
which should not result in errors in ∆p exceeding 20%. 
 
Figure 4. Friction loss for water in commercial steel pipe 
Source: ASHRAE. 2005. 2005 ASHRAE Handbook Fundamentals. In Chapter 36.Pipe sizing, pp. 36.7. 
 
Used procedure for sizing water system is outlined below: 
1. Determine the rate of water flow of each pipe. 
2. Define a range of pipe friction loss (Pressure drop). 
3. Choose the sizes of pipe from Figure 4. 
 
Water flow  
The basis equation to calculate water flow is: 
  &EF  ∆( 
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Where: 
- m is the water flow in l/h 
- Q is the heating or cooling capacity in kW 
- cp is specific heat capacity in J·g-1·K-1 (considered 4,18 J·g-1·K-1) 
- ∆T is the difference temperature between the inlet and outlet water. 
 
Range of usage 
Range of pipe friction loss used for design of the hydraulic system will be 
established between 150 and 400 Pa/m of pipe. A value of 250 Pa/m represents 
the mean to which most systems are designed. 
Additionally, in order not to cause water piping noise, velocity limit of 1.2 m/s for 
50 mm pipe and pressure drop limit of 400 Pa/m for piping over 50 mm in 
diameter will be fixed as upper limits. 
 
Pipe diameter selection 
Following tables show the water flow obtained for each unit: 
Table 43. Heating water pipe size 
Equipment Heating power 
Inlet 
Temp. 
Outlet 
Temp. 
Water 
Flow 
Water 
Flow 
Pipe 
Size 
Pressure 
drop 
Water 
Velocity 
  kW ºC ºC l/h l/s mm Pa/m m/s 
 AHU-01  12,6 80 65 723 0.20 20 280 0,56 
 AHU-02 15,2 80 65 873 0.24 20 380 0,68 
 AHU-03 15,7 80 65 901 0.25 20 390 0,70 
 AHU-04 19,5 80 65 1.120 0.31 25 180 0,54 
 AHU-05 63,0 80 65 3.617 1.00 40 200 0,75 
 AHU-06 252,4 80 65 14.492 4.00 65 300 1,3 
FC-01 4,1 80 65 235 0.07 15 160 0,3 
 FC-02  7,7 80 65 442 0.12 15 350 0,5 
TOTAL 390,2 80 65 22.404 6.2 80 200 1,3 
 
Table 44. Chilled water pipe size 
Equipment Cooling power 
Inlet 
Temp. 
Outlet 
Temp. 
Water 
Flow 
Water 
Flow 
Pipe 
Size 
Pressure 
drop 
Water 
Velocity 
  kW ºC ºC l/h l/s mm Pa/m m/s 
 AHU-01 13,9 7 12 2.710 0.7 32 250 0,75 
 AHU-02 19,3 7 12 3.790 1.1 40 200 0,75 
 AHU-03 20,0 7 12 3.927 1.1 40 200 0,75 
 AHU-04 24,8 7 12 4.870 1.3 40 300 0,95 
 AHU-05 41,6 7 12 8.169 2.3 50 260 1,0 
 AHU-06 166,7 7 12 32.734 9.1 80 400 1,70 
TOTAL 286,3 7 12 56.220 15.6 100 300 1,70 
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11.4. Expansion vessel sizing 
The basic formula, which determines expansion vessel capacity, is: 
B  p  81 7 QqQr 
Where: 
- V is the total volume or nominal size of the expansion vessel (liters) 
- C is the total volume of water in the system (liters) 
- P1is the fill pressure of the system in bars absolute 
- P2is the setting of the pressure relief valve in bars absolute 
- e is the expansion factor (Table 29) 
Table 45. Expansion factor vs. temperature 
 
Substituting knowing values of the system in the equation: 
B  0.0324  2501 7 T.]  32.4 i 
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12. Technical lists 
12.1. Room data sheet 
Considering the clean room building program and design intent of the project 
described on the Memory document, as well as the main specifications given by 
standards, the following room parameters should be defined: 
- Room number 
- Room name 
- Area (m2) 
- Height (m) 
- Grade classification (according to EN ISO 14644-1) 
- Room pressure required (Pa) 
- Relative Humidity range (%) 
- Room temperature range (ºC) 
- Summer room temperature (ºC) 
- Winter room temperature (ºC) 
- Room perimeter (m) 
 
Following tables 46 and 47 shows room characteristics. 
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Table 46. Room list (Ground Floor) 
# DESCRIPTION AREA HEIGHT GRADE PRESSURE RH TEMP WINTER SUMMER PERIM. 
    m2 m   Pa % ºC ºC ºC mm 
001 LOBBY 26,55 2,7 N/C N.R. N.C N.C. 0 25 23700 
002 CORRIDOR 30,00 2,7 N/C N.R. 50±20 23±2 21 25 35217 
003 MANAGER OFFICE 11,03 2,7 N/C N.R. 50±20 23±2 21 25 13560 
004 OFFICE 13,80 2,7 N/C N.R. 50±20 23±2 21 25 14860 
005 STORAGE ROOM 7,00 2,7 N/C N.R. 50±20 23±2 21 25 11000 
006 JANITOR ROOM 4,08 2,7 N/C N.R. 50±20 23±2 21 25 8400 
007 GENERAL OFFICE 29,23 2,7 N/C N.R. 50±20 23±2 21 25 22980 
008 MEETING ROOM 24,05 2,7 N/C N.R. 50±20 23±2 21 25 20720 
009 WOMEN CHANGE ROOM 21,32 2,7 N/C N.R. N.C ≥21 21 21 20300 
010 AIRLOCK (WOMEN) 3,37 2,7 N/C N.R. 50±20 21±2 21 21 7350 
011 MEN CHANGE ROOM 21,52 2,7 N/C N.R. N.C ≥21 21 21 20500 
012 AIRLOCK (MEN) 3,55 2,7 N/C N.R. 50±20 21±2 21 21 7550 
013 LAB CORRIDOR 15,69 2,7 N/C N.R. 50±20 21±2 21 21 18049 
014 MATERIAL AIRLOCK 6,64 2,7 N/C N.R. 50±20 21±2 21 21 10350 
015 WASTE DISPOSAL ROOM 6,10 2,7 N/C N.R. 50±20 21±2 21 21 10110 
016 INSTRUMENT ROOM 6,32 2,7 N/C N.R. 50±20 21±2 21 21 10130 
017 TEST ROOM 6,30 2,7 N/C N.R. 50±20 21±2 21 21 11100 
018 ANALYTICAL LAB 60,94 2,7 N/C N.R. 50±20 21±2 21 21 32550 
019 MATERIAL AIRLOCK 5,06 2,7 D +10 50±5 21±2 21 21 9000 
020 CLEAN CORRIDOR 20,60 2,7 D 0 50±5 21±2 21 21 26599 
021 AIRLOCK 3,42 2,7 D +10 50±5 21±2 21 21 7400 
022 GOWNING 3,42 2,7 C +25 50±5 21±2 21 21 7400 
023 SAMPLING ROOM 8,05 2,7 C +35 50±5 21±2 21 21 11800 
024 AIRLOCK 3,42 2,7 D +10 50±5 21±2 21 21 7400 
025 GOWNING 3,42 2,7 C +25 50±5 21±2 21 21 7400 
026 FORMULATION ROOM 7,95 2,7 C +35 50±5 21±2 21 21 11800 
027 AIRLOCK 3,23 2,7 D +10 50±5 21±2 21 21 7200 
028 GOWNING 3,23 2,7 C +25 50±5 21±2 21 21 7200 
029 STERILITY TEST ROOM 7,76 2,7 C +35 50±5 21±2 21 21 11400 
030 PREPARATION ROOM 17,36 2,7 D +10 50±5 21±2 21 21 18000 
031 PACKAGING ROOM 85,24 2,7 N/C N.R. 50±20 21±2 21 21 40000 
032 INSPECTION ROOM 18,45 2,7 N/C N.R. 50±20 21±2 21 21 18600 
033 LABELING ROOM 26,09 2,7 N/C N.R. 50±20 21±2 21 21 21000 
034 WAREHOUSE CORRIDOR 69,76 2,7 N/C N.R. 50±20 21±2 21 21 53500 
035 DECK 58,59 5,0 N/C N.R. 50±20 21±2 21 21 32600 
036 RAW MATERIAL STORAGE 49,64 5,0 N/C N.R. 50±20 21±2 21 21 30500 
037 REJECTED MATERIAL STORAGE 6,84 2,7 N/C N.R. 50±20 21±2 21 21 10500 
038 JANITOR ROOM 4,80 2,7 N/C N.R. 50±20 21±2 21 21 8800 
039 WAREHOUSE OFFICE 6,72 2,7 N/C N.R. 50±20 21±2 21 21 10400 
040 MATERIAL AIRLOCK 16,64 2,7 N/C N.R. N.C N.C 5 5 16800 
041 COLD PRODUCT STORAGE 76,08 5,0 N/C N.R. N.C 5±3 5 5 37200 
042 FREEZE PRODUCT STORAGE 19,39 2,7 N/C N.R. N.C -20 -20 -20 19000 
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Table 47. Room list (First Floor) 
# DESCRIPTION AREA HEIGHT GRADE PRESSURE RH TEMP WINTER SUMMER PERIM. 
    m2 m   Pa % ºC ºC ºC mm 
101 LOBBY 26,55 2,7 N/C N.R. N.C N.C. 0 25 23700 
102 CORRIDOR 18,51 2,7 N/C N.R. N.C N.C. 0 25 22760 
103 WOMEN CHANGE ROOM 27,48 2,7 N/C N.R. N.C ≥21 21 25 21100 
104 MEN CHANGE ROOM 27,07 2,7 N/C N.R. N.C ≥21 21 25 21000 
105 CORRIDOR 10,26 2,7 N/C N.R. N.C ≥21 21 25 15000 
106 AIRLOCK 2,95 2,7 D +15 50±5 21±2 21 21 7153 
107 DEGOWNING 3,19 2,7 B +30 50±5 21±2 21 21 7153 
108 AIRLOCK 3,19 2,7 C +30 50±5 21±2 21 21 7153 
109 GOWNING 3,19 2,7 B +45 50±5 21±2 21 21 7153 
110 CLEAN CORRIDOR 46,96 2,7 B +35 50±5 21±2 21 21 47100 
111 AUTOCLAVE DISCHARGE ROOM 8,72 2,7 B +25 50±5 21±2 21 21 11950 
112 STERILIZATION ROOM 16,85 2,7 C +25 50±5 21±2 21 21 16941 
113 MATERIAL AIRLOCK 5,15 2,7 C +15 50±5 21±2 21 21 9650 
114 MATERIAL AIRLOCK 4,95 2,7 C +15 50±5 21±2 21 21 9350 
115 MATERIAL ENTRANCE 12,42 2,7 D 0 50±5 21±2 21 21 14100 
116 FILLING CAPPING ROOM 40,93 2,7 B/A +45 50±5 21±2 21 21 25800 
117 TUNNEL STERILIZING ROOM 44,37 2,7 B +45 50±5 21±2 21 21 27100 
118 DILUTION ROOM 12,90 2,7 B +45 50±5 21±2 21 21 14700 
119 AIRLOCK 6,12 2,7 C +20 50±5 21±2 21 21 10200 
120 LAUNDRY 20,10 2,7 C +10 50±5 21±2 21 21 19400 
121 TECHNICAL AREA 504,44 5,0 N/C N.R. N.C N.C. 0 21 100000 
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12.2. Valves list 
Identifier Code Description Water System Equipment 
Type of 
actuator DN 
Operation data 
P (bar) T (ºC) 
VHB 001 Ball Valve Heating Heating plant Manual 15 2 80 
VHB 002 Ball Valve Heating Heating plant Manual 80 2 80 
VHB 003 Ball Valve Heating Heating plant Manual 15 2 80 
VHB 004 Ball Valve Heating Heating plant Manual 15 2 80 
VHB 005 Ball Valve Heating Heating plant Manual 15 2 80 
VHB 006 Ball Valve Heating Existing network Manual 20 1,5 65 
VHB 007 Ball Valve Heating Existing network Manual 20 1,5 65 
VHB 008 Ball Valve Heating Inertia tank Manual 50 1,5 65 
VHB 009 Ball Valve Heating Heating plant Manual 80 1,5 65 
VHB 010 Ball Valve Heating Inertia tank Manual 50 1,5 65 
VHB 011 Ball Valve Heating Inertia tank Manual 15 1,5 65 
VHB 012 Ball Valve Heating Inertia tank Manual 20 1,5 65 
VHB 013 Ball Valve Cooling Chiller unit Manual 15 2 7 
VHB 014 Ball Valve Cooling Chiller unit Manual 100 2 7 
VHB 015 Ball Valve Cooling Chiller unit Manual 15 2 7 
VHB 016 Ball Valve Cooling Chiller unit Manual 15 2 7 
VHB 017 Ball Valve Cooling Chiller unit Manual 100 2 7 
VHB 018 Ball Valve Cooling Chiller unit Manual 15 1,5 12 
VHB 019 Ball Valve Cooling Chiller unit Manual 20 1,5 12 
VHB 020 Ball Valve Cooling Glycol tank Manual 32 1,5 12 
VHB 021 Ball Valve Cooling Glycol tank Manual 15 1,5 12 
VHB 022 Ball Valve Cooling Glycol tank Manual 15 1,5 12 
VHB 023 Ball Valve Cooling Glycol tank Manual 32 1,5 12 
VHB 024 Ball Valve Cooling Glycol tank Manual 32 1,5 12 
VHB 025 Ball Valve Cooling Glycol tank Manual 32 1,5 12 
VHB 101 Ball Valve Heating AHU-01 Manual 15 2 80 
VHB 102 Ball Valve Heating AHU-01 Manual 20 2 80 
VHB 103 Ball Valve Heating AHU-01 Manual 15 2 80 
VHB 104 Ball Valve Heating AHU-01 Manual 20 1,5 65 
VHB 105 Ball Valve Heating AHU-01 Manual 20 1,5 65 
VHB 106 Ball Valve Heating AHU-01 Manual 20 1,5 65 
VHB 107 Ball Valve Heating AHU-01 Manual 20 1,5 65 
VHB 108 Ball Valve Heating AHU-01 Manual 15 1,5 65 
VHB 109 Ball Valve Cooling AHU-01 Manual 15 2 7 
VHB 110 Ball Valve Cooling AHU-01 Manual 25 2 7 
VHB 111 Ball Valve Cooling AHU-01 Manual 15 2 7 
VHB 112 Ball Valve Cooling AHU-01 Manual 25 1,5 12 
VHB 113 Ball Valve Cooling AHU-01 Manual 25 1,5 12 
VHB 114 Ball Valve Cooling AHU-01 Manual 25 1,5 12 
VHB 115 Ball Valve Cooling AHU-01 Manual 25 1,5 12 
VHB 116 Ball Valve Cooling AHU-01 Manual 15 1,5 12 
VHB 201 Ball Valve Heating AHU-02 Manual 15 2 80 
VHB 202 Ball Valve Heating AHU-02 Manual 20 2 80 
VHB 203 Ball Valve Heating AHU-02 Manual 15 2 80 
VHB 204 Ball Valve Heating AHU-02 Manual 20 1,5 65 
VHB 205 Ball Valve Heating AHU-02 Manual 20 1,5 65 
VHB 206 Ball Valve Heating AHU-02 Manual 20 1,5 65 
VHB 207 Ball Valve Heating AHU-02 Manual 20 1,5 65 
VHB 208 Ball Valve Heating AHU-02 Manual 15 1,5 65 
VHB 209 Ball Valve Cooling AHU-02 Manual 15 2 7 
VHB 210 Ball Valve Cooling AHU-02 Manual 40 2 7 
VHB 211 Ball Valve Cooling AHU-02 Manual 15 2 7 
 Page | 69 
 
 
Identifier Code Description Water System Equipment 
Type of 
actuator DN 
Operation data 
P (bar) T (ºC) 
VHB 212 Ball Valve Cooling AHU-02 Manual 40 1,5 12 
VHB 213 Ball Valve Cooling AHU-02 Manual 40 1,5 12 
VHB 214 Ball Valve Cooling AHU-02 Manual 40 1,5 12 
VHB 215 Ball Valve Cooling AHU-02 Manual 40 1,5 12 
VHB 216 Ball Valve Cooling AHU-02 Manual 15 1,5 12 
VHB 301 Ball Valve Heating AHU-03 Manual 15 2 80 
VHB 302 Ball Valve Heating AHU-03 Manual 20 2 80 
VHB 303 Ball Valve Heating AHU-03 Manual 15 2 80 
VHB 304 Ball Valve Heating AHU-03 Manual 20 1,5 65 
VHB 305 Ball Valve Heating AHU-03 Manual 20 1,5 65 
VHB 306 Ball Valve Heating AHU-03 Manual 20 1,5 65 
VHB 307 Ball Valve Heating AHU-03 Manual 20 1,5 65 
VHB 308 Ball Valve Heating AHU-03 Manual 15 1,5 65 
VHB 309 Ball Valve Cooling AHU-03 Manual 15 2 7 
VHB 310 Ball Valve Cooling AHU-03 Manual 40 2 7 
VHB 311 Ball Valve Cooling AHU-03 Manual 15 2 7 
VHB 312 Ball Valve Cooling AHU-03 Manual 40 1,5 12 
VHB 313 Ball Valve Cooling AHU-03 Manual 40 1,5 12 
VHB 314 Ball Valve Cooling AHU-03 Manual 40 1,5 12 
VHB 315 Ball Valve Cooling AHU-03 Manual 40 1,5 12 
VHB 316 Ball Valve Cooling AHU-03 Manual 15 1,5 12 
VHB 401 Ball Valve Heating AHU-04 Manual 15 2 80 
VHB 402 Ball Valve Heating AHU-04 Manual 25 2 80 
VHB 403 Ball Valve Heating AHU-04 Manual 15 2 80 
VHB 404 Ball Valve Heating AHU-04 Manual 25 1,5 65 
VHB 405 Ball Valve Heating AHU-04 Manual 25 1,5 65 
VHB 406 Ball Valve Heating AHU-04 Manual 25 1,5 65 
VHB 407 Ball Valve Heating AHU-04 Manual 25 1,5 65 
VHB 408 Ball Valve Heating AHU-04 Manual 15 1,5 65 
VHB 409 Ball Valve Cooling AHU-04 Manual 15 2 7 
VHB 410 Ball Valve Cooling AHU-04 Manual 40 2 7 
VHB 411 Ball Valve Cooling AHU-04 Manual 15 2 7 
VHB 412 Ball Valve Cooling AHU-04 Manual 40 1,5 12 
VHB 413 Ball Valve Cooling AHU-04 Manual 40 1,5 12 
VHB 414 Ball Valve Cooling AHU-04 Manual 40 1,5 12 
VHB 415 Ball Valve Cooling AHU-04 Manual 40 1,5 12 
VHB 416 Ball Valve Cooling AHU-04 Manual 15 1,5 12 
VHB 501 Ball Valve Heating AHU-05 Manual 15 2 80 
VHB 502 Ball Valve Heating AHU-05 Manual 40 2 80 
VHB 503 Ball Valve Heating AHU-05 Manual 15 2 80 
VHB 504 Ball Valve Heating AHU-05 Manual 40 1,5 65 
VHB 505 Ball Valve Heating AHU-05 Manual 40 1,5 65 
VHB 506 Ball Valve Heating AHU-05 Manual 40 1,5 65 
VHB 507 Ball Valve Heating AHU-05 Manual 40 1,5 65 
VHB 508 Ball Valve Heating AHU-05 Manual 15 1,5 65 
VHB 509 Ball Valve Cooling AHU-05 Manual 15 2 7 
VHB 510 Ball Valve Cooling AHU-05 Manual 50 2 7 
VHB 511 Ball Valve Cooling AHU-05 Manual 15 2 7 
VHB 512 Ball Valve Cooling AHU-05 Manual 50 1,5 12 
VHB 513 Ball Valve Cooling AHU-05 Manual 50 1,5 12 
VHB 514 Ball Valve Cooling AHU-05 Manual 50 1,5 12 
VHB 515 Ball Valve Cooling AHU-05 Manual 50 1,5 12 
VHB 516 Ball Valve Cooling AHU-05 Manual 15 1,5 12 
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Identifier Code Description Water System Equipment 
Type of 
actuator DN 
Operation data 
P (bar) T (ºC) 
VHB 601 Ball Valve Heating AHU-06 Manual 15 2 80 
VHB 602 Ball Valve Heating AHU-06 Manual 65 2 80 
VHB 603 Ball Valve Heating AHU-06 Manual 15 2 80 
VHB 604 Ball Valve Heating AHU-06 Manual 65 1,5 65 
VHB 605 Ball Valve Heating AHU-06 Manual 65 1,5 65 
VHB 606 Ball Valve Heating AHU-06 Manual 65 1,5 65 
VHB 607 Ball Valve Heating AHU-06 Manual 65 1,5 65 
VHB 608 Ball Valve Heating AHU-06 Manual 15 1,5 65 
VHB 609 Ball Valve Cooling AHU-06 Manual 15 2 7 
VHB 610 Ball Valve Cooling AHU-06 Manual 80 2 7 
VHB 611 Ball Valve Cooling AHU-06 Manual 15 2 7 
VHB 612 Ball Valve Cooling AHU-06 Manual 80 1,5 12 
VHB 613 Ball Valve Cooling AHU-06 Manual 80 1,5 12 
VHB 614 Ball Valve Cooling AHU-06 Manual 80 1,5 12 
VHB 615 Ball Valve Cooling AHU-06 Manual 80 1,5 12 
VHB 616 Ball Valve Cooling AHU-06 Manual 15 1,5 12 
VHB 701 Ball Valve Heating FC-01 Manual 15 2 80 
VHB 702 Ball Valve Heating FC-01 Manual 15 1,5 65 
VHB 801 Ball Valve Heating FC-02 Manual 15 2 80 
VHB 802 Ball Valve Heating FC-02 Manual 15 1,5 65 
                  
F 1 Y-Strainer Heating Heating plant Manual 80 2 80 
F 2 Y-Strainer Cooling Cooling plant Manual 100 2 7 
F 3 Y-Strainer Cooling Glycol tank Manual 32 1,5 12 
F 101 Y-Strainer Heating AHU-01 Manual 15 2 80 
F 102 Y-Strainer Cooling AHU-01 Manual 25 2 7 
F 201 Y-Strainer Heating AHU-02 Manual 20 2 80 
F 202 Y-Strainer Cooling AHU-02 Manual 32 2 7 
F 301 Y-Strainer Heating AHU-03 Manual 20 2 80 
F 302 Y-Strainer Cooling AHU-03 Manual 32 2 7 
F 401 Y-Strainer Heating AHU-04 Manual 20 2 80 
F 402 Y-Strainer Cooling AHU-04 Manual 32 2 7 
F 501 Y-Strainer Heating AHU-05 Manual 32 2 80 
F 502 Y-Strainer Cooling AHU-05 Manual 40 2 7 
F 601 Y-Strainer Heating AHU-06 Manual 50 2 80 
F 602 Y-Strainer Cooling AHU-06 Manual 65 2 7 
                  
VHEQ 101 Balancing Valve Heating AHU-01 Manual 15 1,5 65 
VHEQ 102 Balancing Valve Cooling AHU-01 Manual 25 1,5 12 
VHEQ 201 Balancing Valve Heating AHU-02 Manual 20 1,5 65 
VHEQ 202 Balancing Valve Cooling AHU-02 Manual 32 1,5 12 
VHEQ 301 Balancing Valve Heating AHU-03 Manual 20 1,5 65 
VHEQ 302 Balancing Valve Cooling AHU-03 Manual 32 1,5 12 
VHEQ 401 Balancing Valve Heating AHU-04 Manual 20 1,5 65 
VHEQ 402 Balancing Valve Cooling AHU-04 Manual 32 1,5 12 
VHEQ 501 Balancing Valve Heating AHU-05 Manual 32 1,5 65 
VHEQ 502 Balancing Valve Cooling AHU-05 Manual 40 1,5 12 
VHEQ 601 Balancing Valve Heating AHU-06 Manual 50 1,5 65 
VHEQ 602 Balancing Valve Cooling AHU-06 Manual 65 1,5 12 
                  
VC 001 Check Valve Heating Heating plant Manual 80 2 80 
VC 002 Check Valve Heating Existing network Manual 20 1,5 65 
VC 003 Check Valve Cooling Cooling plant Manual 100 2 7 
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Identifier Code Description Water System Equipment 
Type of 
actuator DN 
Operation data 
P (bar) T (ºC) 
VC 004 Check Valve Cooling Glycol tank Manual 32 1,5 12 
                  
VM3W 101 3-Way Valve Heating AHU-01 Automatic 15 1,5 65 
VM3W 102 3-Way Valve Cooling AHU-01 Automatic 25 1,5 12 
VM3W 201 3-Way Valve Heating AHU-02 Automatic 20 1,5 65 
VM3W 202 3-Way Valve Cooling AHU-02 Automatic 32 1,5 12 
VM3W 301 3-Way Valve Heating AHU-03 Automatic 20 1,5 65 
VM3W 302 3-Way Valve Cooling AHU-03 Automatic 32 1,5 12 
VM3W 401 3-Way Valve Heating AHU-04 Automatic 20 1,5 65 
VM3W 402 3-Way Valve Cooling AHU-04 Automatic 32 1,5 12 
VM3W 501 3-Way Valve Heating AHU-05 Automatic 32 1,5 65 
VM3W 502 3-Way Valve Cooling AHU-05 Automatic 40 1,5 12 
VM3W 601 3-Way Valve Heating AHU-06 Automatic 50 1,5 65 
VM3W 602 3-Way Valve Cooling AHU-06 Automatic 65 1,5 12 
                  
PSV 001 Safety Valve Heating Inertia Tank Manual 32 1,5 65 
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12.3. Water system Instrumentation list 
Identifier Code Description Water System Equipment 
Operation 
data 
Measuring range 
Min. Max. 
PI 001 Pressure Indicator Heating Heating plant 2 bar 0 bar 6 bar 
PI 002 Pressure Indicator Heating Heating pump 2 bar 0 bar 6 bar 
PI 003 Pressure Indicator Heating Heating plant 1,5 bar 0 bar 6 bar 
PI 004 Pressure Indicator Heating Inertia tank 1,5 bar 0 bar 6 bar 
PI 005 Pressure Indicator Cooling Cooling plant 2 bar 0 bar 6 bar 
PI 006 Pressure Indicator Cooling Cooling pump 2 bar 0 bar 6 bar 
PI 007 Pressure Indicator Cooling Cooling plant 2 bar 0 bar 6 bar 
PI 008 Pressure Indicator Cooling Cooling pump 2 bar 0 bar 6 bar 
PI 101 Pressure Indicator Heating AHU-01 2 bar 0 bar 6 bar 
PI 102 Pressure Indicator Heating AHU-01 1,5 bar 0 bar 6 bar 
PI 103 Pressure Indicator Cooling AHU-01 2 bar 0 bar 6 bar 
PI 104 Pressure Indicator Cooling AHU-01 1,5 bar 0 bar 6 bar 
PI 201 Pressure Indicator Heating AHU-02 2 bar 0 bar 6 bar 
PI 202 Pressure Indicator Heating AHU-02 1,5 bar 0 bar 6 bar 
PI 203 Pressure Indicator Cooling AHU-02 2 bar 0 bar 6 bar 
PI 204 Pressure Indicator Cooling AHU-02 1,5 bar 0 bar 6 bar 
PI 301 Pressure Indicator Heating AHU-03 2 bar 0 bar 6 bar 
PI 302 Pressure Indicator Heating AHU-03 1,5 bar 0 bar 6 bar 
PI 303 Pressure Indicator Cooling AHU-03 2 bar 0 bar 6 bar 
PI 304 Pressure Indicator Cooling AHU-03 1,5 bar 0 bar 6 bar 
PI 401 Pressure Indicator Heating AHU-04 2 bar 0 bar 6 bar 
PI 402 Pressure Indicator Heating AHU-04 1,5 bar 0 bar 6 bar 
PI 403 Pressure Indicator Cooling AHU-04 2 bar 0 bar 6 bar 
PI 404 Pressure Indicator Cooling AHU-04 1,5 bar 0 bar 6 bar 
PI 501 Pressure Indicator Heating AHU-05 2 bar 0 bar 6 bar 
PI 502 Pressure Indicator Heating AHU-05 1,5 bar 0 bar 6 bar 
PI 503 Pressure Indicator Cooling AHU-05 2 bar 0 bar 6 bar 
PI 504 Pressure Indicator Cooling AHU-05 1,5 bar 0 bar 6 bar 
PI 601 Pressure Indicator Heating AHU-06 2 bar 0 bar 6 bar 
PI 602 Pressure Indicator Heating AHU-06 1,5 bar 0 bar 6 bar 
PI 603 Pressure Indicator Cooling AHU-06 2 bar 0 bar 6 bar 
PI 604 Pressure Indicator Cooling AHU-06 1,5 bar 0 bar 6 bar 
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Identifier Code Description Water System Equipment 
Operation 
data 
Measuring range 
Min. Max. 
TI 001 Temperature Indicator Heating Heating plant 80ºC 0ºC 120ºC 
TI 002 Temperature Indicator Heating Heating plant 65ºC 0ºC 120ºC 
TI 003 Temperature Indicator Heating Inertia tank 65ºC 0ºC 120ºC 
TI 004 Temperature Indicator Cooling Cooling plant 7ºC 0 60ºC 
TI 005 Temperature Indicator Cooling Cooling plant 12ºC 0 60ºC 
TI 101 Temperature Indicator Heating AHU-01 80ºC 0ºC 120ºC 
TI 102 Temperature Indicator Heating AHU-01 65ºC 0ºC 120ºC 
TI 103 Temperature Indicator Cooling AHU-01 7ºC 0 60ºC 
TI 104 Temperature Indicator Cooling AHU-01 12ºC 0 60ºC 
TI 201 Temperature Indicator Heating AHU-02 80ºC 0ºC 120ºC 
TI 202 Temperature Indicator Heating AHU-02 65ºC 0ºC 120ºC 
TI 203 Temperature Indicator Cooling AHU-02 7ºC 0 60ºC 
TI 204 Temperature Indicator Cooling AHU-02 12ºC 0 60ºC 
TI 301 Temperature Indicator Heating AHU-03 80ºC 0ºC 120ºC 
TI 302 Temperature Indicator Heating AHU-03 65ºC 0ºC 120ºC 
TI 303 Temperature Indicator Cooling AHU-03 7ºC 0 60ºC 
TI 304 Temperature Indicator Cooling AHU-03 12ºC 0 60ºC 
TI 401 Temperature Indicator Heating AHU-04 80ºC 0ºC 120ºC 
TI 402 Temperature Indicator Heating AHU-04 65ºC 0ºC 120ºC 
TI 403 Temperature Indicator Cooling AHU-04 7ºC 0 60ºC 
TI 404 Temperature Indicator Cooling AHU-04 12ºC 0 60ºC 
TI 501 Temperature Indicator Heating AHU-05 80ºC 0ºC 120ºC 
TI 502 Temperature Indicator Heating AHU-05 65ºC 0ºC 120ºC 
TI 503 Temperature Indicator Cooling AHU-05 7ºC 0 60ºC 
TI 504 Temperature Indicator Cooling AHU-05 12ºC 0 60ºC 
TI 601 Temperature Indicator Heating AHU-06 80ºC 0ºC 120ºC 
TI 602 Temperature Indicator Heating AHU-06 65ºC 0ºC 120ºC 
TI 603 Temperature Indicator Cooling AHU-06 7ºC 0 60ºC 
TI 604 Temperature Indicator Cooling AHU-06 12ºC 0 60ºC 
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12.4. HVAC Instrumentation list 
Identifier Code System Description 
Measuring range 
Min. Max. 
FC 01 01 AHU-01 Proportional Damper Actuator N/A N/A 
FC 01 02 AHU-01 Proportional Damper Actuator N/A N/A 
FC 01 03 AHU-01 Proportional Damper Actuator N/A N/A 
TT 01 01 AHU-01 Temperature Transmitter for Fresh Air 0ºC 50ºC 
TT 01 02 AHU-01 Temperature Transmitter for Room 003 0ºC 50ºC 
TT 01 03 AHU-01 Temperature Transmitter for Room 004 0ºC 50ºC 
TT 01 04 AHU-01 Temperature Transmitter for Room 005 0ºC 50ºC 
TT 01 05 AHU-01 Temperature Transmitter for Room 006 0ºC 50ºC 
TT 01 06 AHU-01 Temperature Transmitter for Room 007 0ºC 50ºC 
TT 01 07 AHU-01 Temperature Transmitter for Room 008 0ºC 50ºC 
THT 01 01 AHU-01 Temp. and Hum. Transmitter on supply duct 0ºC / 0% 50ºC / 100% 
THT 01 02 AHU-01 Temp. and Hum. Transmitter on return duct 0ºC / 0% 50ºC / 100% 
PT 01 01 AHU-01 Pressure Transmitter on air supply duct -1000 Pa +1000 Pa 
PT 01 02 AHU-01 Pressure Transmitter on air return duct -1000 Pa +1000 Pa 
SC 01 01 AHU-01 Frequency converter for supply fan N/A N/A 
SC 01 02 AHU-01 Frequency converter for return fan N/A N/A 
PDSH 01 01 AHU-01 Pressure Differential Switch for G4 filter 50 Pa 500 Pa 
PDSH 01 02 AHU-01 Pressure Differential Switch for F9 filter 50 Pa 500 Pa 
              
FC 02 01 AHU-02 Proportional Damper Actuator N/A N/A 
FC 02 02 AHU-02 Proportional Damper Actuator N/A N/A 
FC 02 03 AHU-02 Proportional Damper Actuator N/A N/A 
THT 02 01 AHU-02 Temp. and Hum. Transmitter on supply duct 0ºC / 0% 50ºC / 100% 
THT 02 02 AHU-02 Temp. and Hum. Transmitter on return duct 0ºC / 0% 50ºC / 100% 
PT 02 01 AHU-02 Pressure Transmitter on air supply duct -1000 Pa +1000 Pa 
PT 02 02 AHU-02 Pressure Transmitter on air return duct -1000 Pa +1000 Pa 
PT 02 03 AHU-02 Pressure Transmitter on air exhaust duct -1000 Pa +1000 Pa 
SC 02 01 AHU-02 Frequency converter for supply fan N/A N/A 
SC 02 02 AHU-02 Frequency converter for return fan N/A N/A 
SC 02 03 AHU-02 Frequency converter for exhaust fan N/A N/A 
PDSH 02 01 AHU-02 Pressure Differential Switch for G4 filter 50 Pa 500 Pa 
PDSH 02 02 AHU-02 Pressure Differential Switch for F9 filter 50 Pa 500 Pa 
PDSH 02 03 AHU-02 Pressure Differential Switch for G4 filter 50 Pa 500 Pa 
              
FC 03 01 AHU-03 Proportional Damper Actuator N/A N/A 
FC 03 02 AHU-03 Proportional Damper Actuator N/A N/A 
FC 03 03 AHU-03 Proportional Damper Actuator N/A N/A 
THT 03 01 AHU-03 Temp. and Hum. Transmitter on supply duct 0ºC / 0% 50ºC / 100% 
THT 03 02 AHU-03 Temp. and Hum. Transmitter on return duct 0ºC / 0% 50ºC / 100% 
PT 03 01 AHU-03 Pressure Transmitter on air supply duct -1000 Pa +1000 Pa 
PT 03 02 AHU-03 Pressure Transmitter on air return duct -1000 Pa +1000 Pa 
SC 03 01 AHU-03 Frequency converter for supply fan N/A N/A 
SC 03 02 AHU-03 Frequency converter for return fan N/A N/A 
PDSH 03 01 AHU-03 Pressure Differential Switch for G4 filter 50 Pa 500 Pa 
PDSH 03 02 AHU-03 Pressure Differential Switch for F9 filter 50 Pa 500 Pa 
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Identifier Code System Description 
Measuring range 
Min. Max. 
FC 04 01 AHU-04 Proportional Damper Actuator N/A N/A 
FC 04 02 AHU-04 Proportional Damper Actuator N/A N/A 
FC 04 03 AHU-04 Proportional Damper Actuator N/A N/A 
THT 04 01 AHU-04 Temp. and Hum. Transmitter on supply duct 0ºC / 0% 50ºC / 100% 
THT 04 02 AHU-04 Temp. and Hum. Transmitter on return duct 0ºC / 0% 50ºC / 100% 
PT 04 01 AHU-04 Pressure Transmitter on air supply duct -1000 Pa +1000 Pa 
PT 04 02 AHU-04 Pressure Transmitter on air return duct -1000 Pa +1000 Pa 
PT 04 03 AHU-04 Pressure Transmitter on air exhaust duct -1000 Pa +1000 Pa 
SC 04 01 AHU-04 Frequency converter for supply fan N/A N/A 
SC 04 02 AHU-04 Frequency converter for return fan N/A N/A 
SC 04 03 AHU-04 Frequency converter for exhaust fan N/A N/A 
PDSH 04 01 AHU-04 Pressure Differential Switch for G4 filter 50 Pa 500 Pa 
PDSH 04 02 AHU-04 Pressure Differential Switch for F9 filter 50 Pa 500 Pa 
PDSH 04 03 AHU-04 Pressure Differential Switch for G4 filter 50 Pa 500 Pa 
              
FC 05 01 AHU-05 Proportional Damper Actuator N/A N/A 
FC 05 02 AHU-05 Proportional Damper Actuator N/A N/A 
THT 05 01 AHU-05 Temp. and Hum. Transmitter on supply duct 0ºC / 0% 50ºC / 100% 
THT 05 02 AHU-05 Temp. and Hum. Transmitter on return duct 0ºC / 0% 50ºC / 100% 
PT 05 01 AHU-05 Pressure Transmitter on air supply duct -1000 Pa +1000 Pa 
PT 05 02 AHU-05 Pressure Transmitter on air return duct -1000 Pa +1000 Pa 
SC 05 01 AHU-05 Frequency converter for supply fan N/A N/A 
SC 05 02 AHU-05 Frequency converter for exhaust fan N/A N/A 
PDSH 05 01 AHU-05 Pressure Differential Switch for G4 filter 50 Pa 500 Pa 
PDSH 05 02 AHU-05 Pressure Differential Switch for F9 filter 50 Pa 500 Pa 
PDSH 05 03 AHU-05 Pressure Differential Switch for F9 filter 50 Pa 500 Pa 
FT 05 01 AHU-05 Air flow Transmitter on air supply duct -1000 Pa +1000 Pa 
PDT 05 01 AHU-05 Pressure Differential Transmitter on Room 019 -100 Pa +100 Pa 
PDT 05 02 AHU-05 Pressure Differential Transmitter on Room 020 -100 Pa +100 Pa 
PDT 05 03 AHU-05 Pressure Differential Transmitter on Room 021 -100 Pa +100 Pa 
PDT 05 04 AHU-05 Pressure Differential Transmitter on Room 022 -100 Pa +100 Pa 
PDT 05 05 AHU-05 Pressure Differential Transmitter on Room 023 -100 Pa +100 Pa 
PDT 05 06 AHU-05 Pressure Differential Transmitter on Room 024 -100 Pa +100 Pa 
PDT 05 07 AHU-05 Pressure Differential Transmitter on Room 025 -100 Pa +100 Pa 
PDT 05 08 AHU-05 Pressure Differential Transmitter on Room 026 -100 Pa +100 Pa 
PDT 05 09 AHU-05 Pressure Differential Transmitter on Room 027 -100 Pa +100 Pa 
PDT 05 10 AHU-05 Pressure Differential Transmitter on Room 028 -100 Pa +100 Pa 
PDT 05 11 AHU-05 Pressure Differential Transmitter on Room 029 -100 Pa +100 Pa 
PDT 05 12 AHU-05 Pressure Differential Transmitter on Room 030 -100 Pa +100 Pa 
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Identifier Code System Description 
Measuring range 
Min. Max. 
FC 06 01 AHU-06 Proportional Damper Actuator N/A N/A 
FC 06 02 AHU-06 Proportional Damper Actuator N/A N/A 
THT 06 01 AHU-06 Temp. and Hum. Transmitter on supply duct 0ºC / 0% 50ºC / 100% 
THT 06 02 AHU-06 Temp. and Hum. Transmitter on return duct 0ºC / 0% 50ºC / 100% 
PT 06 01 AHU-06 Pressure Transmitter on air supply duct -1000 Pa +1000 Pa 
PT 06 02 AHU-06 Pressure Transmitter on air return duct -1000 Pa +1000 Pa 
SC 06 01 AHU-06 Frequency converter for supply fan N/A N/A 
SC 06 02 AHU-06 Frequency converter for exhaust fan N/A N/A 
SC 06 03 AHU-06 Frequency converter for Laminar Airflow fan N/A N/A 
PDSH 06 01 AHU-06 Pressure Differential Switch for G4 filter 50 Pa 500 Pa 
PDSH 06 02 AHU-06 Pressure Differential Switch for F9 filter 50 Pa 500 Pa 
PDSH 06 03 AHU-06 Pressure Differential Switch for F9 filter 50 Pa 500 Pa 
FT 06 01 AHU-06 Air flow Transmitter on air supply duct -1000 Pa +1000 Pa 
PDT 06 01 AHU-06 Pressure Differential Transmitter on Room 106 -100 Pa +100 Pa 
PDT 06 02 AHU-06 Pressure Differential Transmitter on Room 107 -100 Pa +100 Pa 
PDT 06 03 AHU-06 Pressure Differential Transmitter on Room 108 -100 Pa +100 Pa 
PDT 06 04 AHU-06 Pressure Differential Transmitter on Room 109 -100 Pa +100 Pa 
PDT 06 05 AHU-06 Pressure Differential Transmitter on Room 110 -100 Pa +100 Pa 
PDT 06 06 AHU-06 Pressure Differential Transmitter on Room 111 -100 Pa +100 Pa 
PDT 06 07 AHU-06 Pressure Differential Transmitter on Room 112 -100 Pa +100 Pa 
PDT 06 08 AHU-06 Pressure Differential Transmitter on Room 113 -100 Pa +100 Pa 
PDT 06 09 AHU-06 Pressure Differential Transmitter on Room 114 -100 Pa +100 Pa 
PDT 06 10 AHU-06 Pressure Differential Transmitter on Room 115 -100 Pa +100 Pa 
PDT 06 11 AHU-06 Pressure Differential Transmitter on Room 116 -100 Pa +100 Pa 
PDT 06 12 AHU-06 Pressure Differential Transmitter on Room 117 -100 Pa +100 Pa 
PDT 06 13 AHU-06 Pressure Differential Transmitter on Room 118 -100 Pa +100 Pa 
PDT 06 14 AHU-06 Pressure Differential Transmitter on Room 119 -100 Pa +100 Pa 
              
TT 07 01 FC-01 Temperature Transmitter for Room 009 0ºC 50ºC 
TT 07 02 FC-01 Temperature Transmitter for Room 011 0ºC 50ºC 
              
TT 08 01 FC-02 Temperature Transmitter for Room 103 0ºC 50ºC 
TT 09 02 FC-02 Temperature Transmitter for Room 104 0ºC 50ºC 
 
 
  
 Page | 77 
 
12.5. CAV/VAV list 
Identifier Code System Description Operation data Size Actuator 
          m3/h mm   
VAV 01 01 AHU-01 Proportional damper actuator for Room 003 360 150 YES 
VAV 01 02 AHU-01 Proportional damper actuator for Room 004 490 150 YES 
VAV 01 03 AHU-01 Proportional damper actuator for Room 005 230 150 YES 
VAV 01 04 AHU-01 Proportional damper actuator for Room 006 140 150 YES 
VAV 01 05 AHU-01 Proportional damper actuator for Room 007 960 250 YES 
VAV 01 06 AHU-01 Proportional damper actuator for Room 008 1.090 250 YES 
                
CAV 02 01 AHU-02 Manual damper for Room 010 110 150 NO 
CAV 02 02 AHU-02 Manual damper for Room 012 120 150 NO 
CAV 02 03 AHU-02 Manual damper for Room 013 510 200 NO 
CAV 02 04 AHU-02 Manual damper for Room 014 410 200 NO 
CAV 02 05 AHU-02 Manual damper for Room 015 360 200 NO 
CAV 02 06 AHU-02 Manual damper for Room 016 310 200 NO 
CAV 02 07 AHU-02 Manual damper for Room 017 210 200 NO 
CAV 02 08 AHU-02 Manual damper for Room 018 2.670 400 NO 
                
CAV 03 01 AHU-03 Manual damper for Room 031 3.040 400 NO 
CAV 03 02 AHU-03 Manual damper for Room 032 830 250 NO 
CAV 03 03 AHU-03 Manual damper for Room 033 980 250 NO 
                
CAV 04 02 AHU-04 Manual damper for Room 036 2.980 400 NO 
CAV 04 03 AHU-04 Manual damper for Room 037 230 150 NO 
CAV 04 04 AHU-04 Manual damper for Room 038 200 150 NO 
CAV 04 05 AHU-04 Manual damper for Room 039 360 150 NO 
                
CAV 05 01 AHU-05 Manual damper for Room 019 280 150 NO 
CAV 05 02 AHU-05 Manual damper for Room 020 1.120 250 NO 
CAV 05 03 AHU-05 Manual damper for Room 021 190 150 NO 
CAV 05 04 AHU-05 Manual damper for Room 022 240 150 NO 
CAV 05 05 AHU-05 Manual damper for Room 023 920 200 NO 
CAV 05 06 AHU-05 Manual damper for Room 024 190 150 NO 
CAV 05 07 AHU-05 Manual damper for Room 025 240 150 NO 
CAV 05 08 AHU-05 Manual damper for Room 026 540 200 NO 
CAV 05 09 AHU-05 Manual damper for Room 027 180 150 NO 
CAV 05 10 AHU-05 Manual damper for Room 028 220 150 NO 
CAV 05 11 AHU-05 Manual damper for Room 029 680 200 NO 
CAV 05 12 AHU-05 Manual damper for Room 030 2.510 350 NO 
                
VAV 05 01 AHU-05 Proportional damper actuator for Room 019 180 150 YES 
VAV 05 02 AHU-05 Proportional damper actuator for Room 020 1.790 250 YES 
VAV 05 03 AHU-05 Proportional damper actuator for Room 021 210 150 YES 
VAV 05 04 AHU-05 Proportional damper actuator for Room 022 220 150 YES 
VAV 05 05 AHU-05 Proportional damper actuator for Room 023 810 200 YES 
VAV 05 06 AHU-05 Proportional damper actuator for Room 024 210 150 YES 
VAV 05 07 AHU-05 Proportional damper actuator for Room 025 220 150 YES 
VAV 05 08 AHU-05 Proportional damper actuator for Room 026 430 200 YES 
VAV 05 09 AHU-05 Proportional damper actuator for Room 027 200 150 YES 
VAV 05 10 AHU-05 Proportional damper actuator for Room 028 200 150 YES 
VAV 05 11 AHU-05 Proportional damper actuator for Room 029 570 200 YES 
VAV 05 12 AHU-05 Proportional damper actuator for Room 030 2.400 350 YES 
 
 Page | 78 
 
 
Identifier Code System Description Operation data Size Actuator 
          m3/h mm   
CAV 06 01 AHU-06 Manual damper for Room 106 210 150 NO 
CAV 06 02 AHU-06 Manual damper for Room 107 310 150 NO 
CAV 06 03 AHU-06 Manual damper for Room 108 220 150 NO 
CAV 06 04 AHU-06 Manual damper for Room 109 310 150 NO 
CAV 06 06 AHU-06 Manual damper for Room 111 830 250 NO 
CAV 06 07 AHU-06 Manual damper for Room 112 2.830 450 NO 
CAV 06 08 AHU-06 Manual damper for Room 113 350 200 NO 
CAV 06 09 AHU-06 Manual damper for Room 114 400 200 NO 
CAV 06 10 AHU-06 Manual damper for Room 116 (LAF) 1.000 250 NO 
CAV 06 11 AHU-06 Manual damper for Room 116 4.880 450 NO 
CAV 06 12 AHU-06 Manual damper for Room 117 7.090 600x600 NO 
CAV 06 13 AHU-06 Manual damper for Room 118 1.120 350 NO 
CAV 06 14 AHU-06 Manual damper for Room 119 420 200 NO 
CAV 06 15 AHU-06 Manual damper for Room 120 3.890 500x400 NO 
                
VAV 06 01 AHU-06 Proportional damper actuator for Room 106 340 150 YES 
VAV 06 02 AHU-06 Proportional damper actuator for Room 107 260 150 YES 
VAV 06 03 AHU-06 Proportional damper actuator for Room 108 220 150 YES 
VAV 06 04 AHU-06 Proportional damper actuator for Room 109 70 150 YES 
VAV 06 06 AHU-06 Proportional damper actuator for Room 111 1.040 250 YES 
VAV 06 07 AHU-06 Proportional damper actuator for Room 112 2.940 450 YES 
VAV 06 08 AHU-06 Proportional damper actuator for Room 113 180 200 YES 
VAV 06 09 AHU-06 Proportional damper actuator for Room 114 530 200 YES 
VAV 06 10 AHU-06 Proportional damper actuator for Room 116 1.000 250 YES 
VAV 06 11 AHU-06 Proportional damper actuator for Room 116 4.880 450 YES 
VAV 06 12 AHU-06 Proportional damper actuator for Room 117 6.950 600x600 YES 
VAV 06 13 AHU-06 Proportional damper actuator for Room 118 1.080 350 YES 
VAV 06 14 AHU-06 Proportional damper actuator for Room 119 450 200 YES 
VAV 06 15 AHU-06 Proportional damper actuator for Room 120 4.030 500x400 YES 
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12.6. Air diffusers list 
Room  Room                               Description Class. 
Air flow      
(m3/h) 
Dimensions / Air flow 
6" 9" 12" 
200 m3/h 450 m3/h 850 m3/h 
002 CORRIDOR N/C 980   3   
003 MANAGER OFFICE N/C 360   1   
004 OFFICE N/C 490   1   
005 STORAGE ROOM N/C 230 1     
006 JANITOR ROOM N/C 140 1     
007 GENERAL OFFICE N/C 960     2 
008 MEETING ROOM N/C 1.090     2 
009 WOMEN CHANGE ROOM N/C 350 2     
010 AIRLOCK (WOMEN) N/C 110 1     
011 MEN CHANGE ROOM N/C 350 2     
012 AIRLOCK (MEN) N/C 120 1     
013 LAB CORRIDOR N/C 510   1   
014 MATERIAL AIRLOCK N/C 410   1   
015 WASTE DISPOSAL ROOM N/C 360   1   
016 INSTRUMENT ROOM N/C 310   1   
017 TEST ROOM N/C 210 1     
018 ANALYTICAL LAB N/C 2.670     4 
031 PACKAGING ROOM N/C 3.040   6   
032 INSPECTION ROOM N/C 830   2   
033 LABELLING ROOM N/C 980   2   
034 WAREHOUSE CORRIDOR N/C 2.270 5     
037 REJECTED MATERIAL STORAGE N/C 230 1     
038 JANITOR ROOM N/C 200 1     
039 WAREHOUSE OFFICE N/C 360 1     
    N/C         
103 WOMEN CHANGE ROOM N/C 650   2   
104 MEN CHANGE ROOM N/C 520 2     
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12.7. Terminal filtration boxes list 
Room  Room                               Description Class. Air flow      (m3/h) 
Dimensions / Air flow (m3/h) 
3p6 6p6 12p6 
300 625 1250 
019 MATERIAL AIRLOCK D 280 1     
020 CLEAN CORRIDOR D 1.120   2   
021 AIRLOCK D 190 1     
022 GOWNING C 240 1     
023 SAMPLING ROOM C 920   1   
024 AIRLOCK D 190 1     
025 GOWNING C 240 1     
026 FORMULATION ROOM C 540   1   
027 AIRLOCK D 180 1     
028 GOWNING C 220 1     
029 STERILITY TEST ROOM C 680   1   
030 PREPARATION ROOM D 2.510     2 
              
106 AIRLOCK D 210 1     
107 DEGOWNING B 310 1     
108 AIRLOCK C 310 1     
109 GOWNING B 220 1     
110 CLEAN CORRIDOR B 4.440     3 
111 AUTOCLAVE DISCHARGE ROOM B 830     1 
112 STERILIZATION ROOM C 2.830     2 
113 MATERIAL AIRLOCK C 350   1   
114 MATERIAL AIRLOCK C 400   1   
115 MATERIAL ENTRANCE D 350   1   
116 FILLING CAPPING ROOM B 1.000     2 
117 TUNNEL STERILIZING ROOM B 7.090     4 
118 DILUTION ROOM B 1.220     1 
119 AIRLOCK C 420   1   
120 LAUNDRY C 3.890     2 
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12.8 Wall return grilles list 
Room Room Description Class. Air flow      (m3/h) 
Return grilles on wall 
150x300 150x400 200x400 300x600 
300 500 800 1500 
019 MATERIAL AIRLOCK D 180 1       
020 CLEAN CORRIDOR D 1.790 6       
021 AIRLOCK D 210 1       
022 GOWNING C 220 2       
023 SAMPLING ROOM C 810 4       
024 AIRLOCK D 210 1       
025 GOWNING C 220 2       
026 FORMULATION ROOM C 430 4       
027 AIRLOCK D 200 1       
028 GOWNING C 200 2       
029 STERILITY TEST ROOM C 570 4       
030 PREPARATION ROOM D 2.400     4   
                
106 AIRLOCK D 340 2       
107 DEGOWNING B 260 2       
108 AIRLOCK C 220 2       
109 GOWNING B 70 2       
110 CLEAN CORRIDOR B 4.170       3 
111 AUTOCLAVE DISCHARGE ROOM B 1.040 4       
112 STERILIZATION ROOM C 2.940     4   
113 MATERIAL AIRLOCK C 180 3       
114 MATERIAL AIRLOCK C 530 3       
115 MATERIAL ENTRANCE D 500 2       
116 FILLING CAPPING ROOM B 1.000   2     
117 TUNNEL STERILIZING ROOM B 6.950       4 
118 DILUTION ROOM B 1.080   4     
119 AIRLOCK C 450 3       
120 LAUNDRY C 4.030     4   
 
